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SINcE the observations on Eciton published in the June 
number of the American Naturalist for 1900 were undertaken, 
the recognition of the sexual forms of the Doryline ants has 
made some progress. European myrmecologists, notably Pro- 
fessor Forel and Professor Emery, have thrown considerable 
light on several of the species belonging both to the Old 
World (Dorylii) and American branches (Ecitonii) of the 
subfamily. 

The doubts entertained in the senior author’s former paper 
concerning the identity of André’s Pseudodichthadia incerta 
have been dissipated. It now appears that this insect is really 
the female of Eczton cecum Latr. Ina note at the very end 
of his splendid work on the ants of Central America and 
Mexico? Forel quotes the following admission from a letter 
from M. André: “ Je tiens a vous dire que je suis depuis long- 
temps convaincu que ma Pseudodichthadia incerta est bien 


1 Contributions from the Zovlogical Laboratory of the University of Texas, 
No. 11. 
2 Biol. Cent. Am. Hymenoptera Formicidae, vol. iii (1899-1900), p. 160. 
157 


ON, 
» 
\ 
VoL. XXXV. No. 411. 


I 58 THE AMERICAN NATURALIST. [VoL. XXXV. 


la femelle de l’Eczton cecum Latr. J’ai été trop prudent en 
n’affirmant pas tout de suite cette assimilation, mais la présence 
d’une § dans le tube contenant la ¢ et la connaissance plus 
étendue qu’on a aujourd’hui des Dorylides ne laissent plus 
aucun doute a cet égard.”’ 

Professor Emery has just published a revision of the genus 
Eciton.1 For some time past he has recognized in the insect 
known as Ladidus latreillet Jurine, and a number of other 
forms which seem to have merely varietal or synonymic value 
(Labidus sayt Hald.; L. atriceps F. Smith; L. zurinet Shuck ; 
L. Servilleti Westwood; L. smithi D. T.; L. pilosus F. M.; 
and L. fulvescens Blanch), the male of Ectton cecum. We are, 
therefore, acquainted with the three phases of the commonest 
and most widely distributed of the ecitons, a species which 
ranges from Utah and Texas to southern Brazil and has been 
very generally known in the worker phase to entomologists for 
more than a century.” 


Eciron (EcITon) LATREILLE. 


>? Formica omnivora Oliv. Lucycl. Method. Jns., vol. v (1791), No. 6, p. 496. 

fe) Formica ceca Latr. Hist. Nat. des Fourmis, tome ix (1802), p. 270, Fig. 56. 

Q Leiton vastator Smith. Journ. Ent., vol. i (1860), p. 71. 

6 Lciton erratica Smith. Loc. cit.,p.71. Bates. Matur. Amazons, vol. ii (1863), 
p. 358. 

co} Nycteresia caca Roger. Berl. Ent. Zeitschr. (1861), p. 22. 

fe) Myrmica rubra Buckley. Proc. Ent. Soc. Phil. (1866), p. 235. 

Eciton omnivorum Emery. Bull. Soc. /tal., vol. xxiii (1891), p. 163; 
vol. xxvi (1894), p. 179, T. II, Figs. 9 a-d; Zool. Jahrb., Abth. f. Syst., 
Bd. viii (1894), p. 258. 

fe) Eciton cecum Mayr. Wien. Ent. Zeitschr. (1886), p. 119; Verh. zool. bot. Ges. 
Wien., Bd. xxxvi (1886), p. 440. 

Q Pseudodichthadia incerta André. Suppl. aux Fourmis (1885), p. 8, Fig. 1-5 ; 
Spéc. Hymen. Europ. I (1886), p. 840, fig. 

& Labidus latreillei urine (1807); Emery, Nuovi Studi sul Genere Eciton, Mem. 
R. Accad. Sct. [st. Bologna (1900), p. 9. 


1 Nuovi Studi sul Genere Eciton, Jem. letta alla R. Accad. delle Sci. dell’ 
Istituto di Bologna, 25 marzo, 1900, 18 pp., I tav. 

2 The remarkable sexual trimorphism of this insect, together with its variability, 
at least in the worker and male phases, is largely responsible for the following 
interesting synonymy compiled from the contributions of Forel and Emery. For 
further mention of the literature the reader is referred to Dalla Torre’s Catalogus 
Hymenopterorum, vol. vii, Formicidae, 1893, pp. 1-7. 
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$ Labidus sayi Hald. Stansbury’s ZLxfplor. of Utah (1852), p. 367, Pl. IX, 
Figs. 1-3. Emery, Zoc. cit. (1900), p. 9. 

g Labidus servillei Westw. Arcana. Exnt., vol. i (1842), p. 75, tome xx, Figs. 2, 
2a; Emery, Bull. Soc. Ent. Ital., vol. xxii (1890), p. 39; Emery, Nuovi 
Studi, etc., /oc. cit. (1900), p. 9. 

Labidus jurinei Shuck. Emery, Zoc. cit. (1900), p. 9. 

Labidus smithi Dalla Torre. Emery, Zoc. cit. (1900), p. 10. 

Labidus pilosus F. Sm. Emery, cit. (1900), p. 10. 

$ Labidus fulvescens Blanch. Emery, doc. cit. (1900), p. 10. 

$ Labidus atriceps F. Smith. Emery, Zoc. cit. (1900), p. 16. 


Both before and since learning of André’s conclusion we 
have sought diligently but in vain for the female of Lczton 
cacum in the vicinity of Austin, notwithstanding the species 
is so common that we rarely spend a few hours collecting 
and observing ants without happening on two or three of its 
colonies. These are found, as a rule, under clusters of stones 
which lie with their edges in mutual contact. But as the 
species is entirely subterranean it is not an easy matter to 
find the breeding chambers. The narrow burrows run along 
under the stones for some distance and then dip down into the 


soil. Frequently the galleries are found under large stones 


that have fallen from stone walls, and in these cases the bur- 
rows almost invariably extend under the wall where they are 
inaccessible to the observer. For several days after a rain 
E. cecum may often be found under the stones in open fields, 
but during dry weather it seems to prefer the more sheltered 
and therefore moister localities. The males of £4. caecum, 
which may be readily identified by the aid of the table in 
Emery’s latest paper, are common about the electric lights 
at certain times of the year. Messrs. Melander and Brues 
took them in considerable numbers on March 27, less fre- 
quently on April 10 and 20 of the past year. All of these 
specimens are referable to Ladidus sayi, although somewhat 
exceeding the dimensions of the specimens described by 
Haldemann. 

Eciton cecum, which may be regarded as the typical species 
of the genus sensu stricto (workers with denticulate claws), is, 
as we have said, the only Eciton of which the male, female, 
and worker phases are all described. In the present paper 
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we wish to call attention to the discovery of the males of 
E. opacithorax’ Emery and of £. schmitti Emery.2, The male 
of the latter species, together with the female described in the 
senior author’s former paper, completes the series of sexual 
phases of a species belonging to another natural group of 
ecitons (subgenus Acamatus Emery), the workers of which 
have smooth claws. 

A male Eciton found dead in a spider’s web, Oct. 3, 1899, 
by Mr. C. T. Brues was referred by the senior author to 
E. schmitti, mainly on account of its coloration, but it was not 
till October 13 of this year that it was possible to obtain posi- 
tive proof of the truth of this conjecture. Late in the after- 
noon of the latter date Mr. A. L. Melander, Mr. C. T. Brues, 
and the senior author were collecting insects near Mt. Bonnel, 
a few miles from Austin, when Mr. Brues saw a winged ant 
perched on a large flat stone beneath a shrub (Zzsenxhardtia 
amorphoides). It was at once recognized as the Eciton of the 
spider’s web. On drawing near, two or three other specimens 
were seen moving about among a lot of workers of £. schmzttz 
which were issuing from a hole in the soil about the roots of 
the Eisenhardtia and appeared to be on the point of starting 
on one of the sorties so characteristic of these ants and their 
congeners. We raised the stone and found beneath it a flour- 
ishing colony of £. schmztti, comprising no less than a hundred 
of the huge (z.¢., when compared with the workers) winged 
males. Many of these were literally covered with workers and 

1 Emery (Nuovi Studi, etc., oc. ci¢., p. 15) is now inclined to regard the former 
species, originally described by him as a subspecies of £. californicum Mayr, as a 
distinct species. 

2 Specimens of the species designated as Z. sumichrasti in the senior author’s 
former paper have been examined by Professor Emery, who pronounces the spe- 
cies to be the closely allied £. schmitti Emery. The senior author has since 
taken the true Z. sumichrasti in Mexico (Cuernavaca, Morelos) and is satisfied 
that Professor Emery’s identification is correct. On seeing the males of Z. 
schmitti, Professor Emery was inclined to regard them as belonging to Ladidus 
nigrescens Cresson. If this is true Emery’s name of the species must be relegated 
to the synonomy. But some of these males were sent to Mr. Fox for comparison 
with Cresson’s types and were pronounced to be different, being “too hairy for 
nigrescens, which is entirely brownish. The first segment of nigrescens is shorter 


and the wings light fuscous.” This has induced us to retain Emery’s name of 
the species for the present. 


fy 
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were being hurried by them into some deep water-worn cavi- 
ties on the under surface of the stone and into the galleries 
which the ants had excavated in the hard soil. We succeeded, 
nevertheless, in capturing a large portion of the colony and in 
transferring it, together with some of the soil of the nest, to 
a strong canvas bag. The colony, first established in a large 
glass jar, was later placed in a Lubbock nest. The material 
of the original nest was searched on the spot for the pupz of 
the males and for the female, but without success.!_ The fol- 
lowing is a description of the male of £. schmztti drawn from 
fresh specimens. 

Eciton schmitti Emery (Figs. 1 and 2, 4), male. Length of 
body, 11-13 mm.; length of fore wing, 10-11 mm. Head, 
thorax, petiole, extreme base of first abdominal segment, ven- 
ter, antennz and legs, except the tarsi, black ; abdomen, tarsi, 
hypopygium, tips of mandibles, and, in some specimens, the 
flagellum of the antennz, the knees and the tips of the tibiz 
fulvous red. Wings blackened, with black veins and stigma, the 
costa and some of the veins yellowish red at the extreme base ; 
maxillz and labium yellow. 

Head shining, clothed with long fulvous hairs arising from 
coarse punctures. These hairs are longest on the vertex, 
posterior orbit, mandibles, first antennal joint and cilypeus. 
Mandibles rather long, curved at the base only, slightly broad- 
ened in the middle, with convex inner edge ending in short, 
rather blunt points. Antenne longer than the head and 
thorax; tip of the somewhat incrassated scape scarcely reach- 
ing the lateral ocellus; second joint small, remainder of the 
cylindrical flagellum opaque, its basal somewhat thicker than 


1 The nest contained two species of ecitophiles, v7z., some small trichopterygid 
beetles and more than a dozen specimens of a small active staphylinid with pale pro- 
notum and elytra (Zcitopora tenella Wasm. n. sp. in litt.). Some of the latter 
lived for nearly a month in the artificial nest. They sought the dry portions of 
the nest and seemed to elude the ants by their rapid movements. They usually 
lurked near the entrance in cracks in the soil. When, during the morning hours, 
the ants were dormant in a compact cluster in the center of the nest, the beetles 
crept from their hiding places and moved about the galleries with less trepidation. 
When the ants left the nest towards evening to move about in files on the plat- 
form, the staphylinids sometimes accompanied them and then often ran off into 
the moat and were drowned. 


162 THE AMERICAN NATURALIST. [VoL. XXXV. 


its apical half; joints of approximately equal length, except at 
the tip, where they are somewhat longer but not compressed. 
Clypeus without teeth below, frontal carinz not very promi- 
nent, separated by a distinct facial furrow. Eyes and ocelli 
small and not protruding. The distance between the two 
lateral ocelli is about the same as the distance between the 
lateral ocellus and the eye. Thorax gibbous in front, flattened 
on the dorsal surface, 
which is subopaque; 
pleurz and pectus shin- 
ing. Dorsum with fine 
and rather dense pleure, 
with scattered and lar- 
ger piligerous punc- 
tures. Whole thorax 
covered with long ful- 
vous pile, somewhat 
shorter and more ap- 
pressed on the mesono- 
tum and scutellum ; long 


and erect on the pleurze 
and pectus. Anterior 
half of mesonotum trav- 


ersed by a longitudinal 
smooth line which seems 
to lie ina shallow groove 
' at its anterior end. A 
somewhat similar line 
is found on either side, 
extending over the pos- 
terior two-thirds of the 
mesonotum, as far back as the scutellum, and another indis- 
tinct line traverses the posterior third of the scutellum, which 
is flat on its dorsal and convex on its posterior surface. 
Metanotum declivous and slightly concave on its posterior 
surface. Petiole subopaque above, shining below, nearly twice 
as broad as long, flattened transversely across the middle of 
its dorsal surface, but distinctly concave in front of and behind 


Fic. 1.— Eciton schmitti Emery. Male. 
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this region ; posterior angles only moderately projecting ; ante- 
rior portion with sparse pile, posterior edges, and especially the 
posterior angles, with rather long, dense, and appressed ful- 
vous pile; ventrally the pile is thin and more erect. Abdo- 
men cylindrical, subopaque above (except at the subconstricted 
posterior edges of the segments which, like the venter, are 
glabrous), covered with minute piligerous punctures; pile on the 
dorsal surface of the segments short and appressed, especially 
towards the base of the abdomen, posteriorly and on the ven- 
ter, especially in the region of the hypopygium, it is longer and 
more erect. Hypopygial plate shining with two short, slightly 
recurved teeth at its tip. Legs rather small and feeble, pos- 
terior pair not reaching to the end of the abdomen. Middle 
metatarsus a little more than half as long as the middle tibia. 
Coxe, femora, and tibiz shining, with rather erect fulvous pile, 
pile on the tarsi short and appressed. Tibial spurs red, claws 
with extremely rudimental denticles. Wings clothed with 
minute black pile, anterior pair reaching to the tip of the 
abdomen. For venation see Fig. 1. 

On October 27 the junior author was so fortunate as to dis- 
cover a flourishing colony of £. opfactthorax Emery under a 
large stone in a dilapidated wall at the edge of some woods, on 
the sloping banks of Shoal Creek at Austin. This colony also 
contained a great number of males but was ransacked in vain 
for a queen. The workers had stored their nest. with a 
considerable number of small carabid beetles that had evi- 
dently been captured on one of their marauding expeditions. 
E. opacithorax is considerably smaller and appears to be some- 
what rarer in this locality than £. schmztttz. We insert a 
description of the male, which, like the male of schmittz, 
appears to have escaped description as a species of Labidus. 

Eciton opacithorax Emery (Fig. 2, ¢) male. Length of body, 
10-11 mm.; length of fore-wing, 8-9 mm. 

Body glabrous throughout ; head, thorax, petiole, first abdom- 
inal segment, venter, femora, and tibiz, black; lateral and 
dorsal regions of abdomen, including the posterior edge of the 
first abdominal segment, hypopygium, inner edges of mandi- 
bles, knees, and tarsi, dull red. Antennz usually black, but 
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the flagellum in some specimens more or less reddish. Wings 
slightly blackish, covered with minute black pile; stigma red- 
dish, veins dirty yellow. Pile covering the body grayish ful- 
vous, long and erect on the mandibles, antennal scape, head, 
thorax; pleurze, pectus, scutellum, base of petiole, and femora, 
elsewhere very short and appressed. 

Mandibles short, covered with small piligerous punctures, 
curved only at the base, thence becoming broad and flat, with 
distinctly convex inner margin and terminating in abrupt rather 
blunt tips. Head covered with punctures like those on the 
mandibles. Eyes and ocelli very small, not projecting ; cheeks 
and posterior orbital region broad. Lateral ocelli separated 
by a space about equal to that which separates each lateral 
ocellus from the eye. Frontal carinz prominent, arcuate 
below the lateral ocelli, and separated by a rather broad 
longitudinal furrow. Anterior half of mesonotum with a dis- 
tinct smooth longitudinal line and distinct lateral furrows 
extending to the insertion of the scutellum. Scutellum with- 
out a furrow on its posterior surface. The piligerous punc- 
tures covering the mesonotum and scutellum are small and 
evenly distributed, those on the pleurz a little larger and more 
scattered. Metanotum declivous, slightly concave, finely punc- 
tate, and bearing little pile. Petiole twice as broad as long, 
convex above and behind, more concave anteriorly ; posterior 
angles not projecting and covered with very short appressed 
pile, contrasting with the long and often dense erect pile on the 
basal ventral and basal dorsal. surfaces of the same segment. 
Abdomen short, cylindrical, and laterally compressed, its surface 
minutely punctate; pile everywhere, even at the tip, and on the 
hypopygium, very short and appressed. Hypopygium armed 
with the usual short, slightly recurved teeth. In some speci- 
mens the red of the abdomen even on the dorsal surface is more 
or less suffused with black, especially near the middle of the 
different segments. Fore-wings reaching to the tip of the abdo- 
men or even a little beyond. Venation very similar to.that of 
E. schmitti (vide Fig. 1). short, posterior pair not reaching 
the tip of the abdomen. Middle metatarsus a little more than 
half the length of the middle tibia. Denticles of claws vestigial. 
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At first sight the male of £. opacithorax is very similar to the 
male of £. schmzttz, but comparison discloses a number of con- 
stant differences. Apart from its distinctly smaller size, the 
thorax and scutellum of the former species are more glabrous and 
therefore appear to be of a deeper black color. The pile is shorter 
on the abdomen and posterior portion of the petiole, the wings 
are distinctly smaller, less blackened, and have paler nervures. 

The junior author has also taken the males of two other 
forms of Eciton at Austin, but hitherto only about the lights in 
the evening. One of these, taken October 29, agrees very 
closely with the description of £. (Ladbidus) harrisi Hald. 
The other, which was flying in considerable numbers August 1, 
is smaller and more reddish, with very pale wings. Professor 
Forel pronounces it to be £. harrisz, but as the color is not 
that of the type, it must be regarded as a variety. The heads 
of both forms, drawn to the same scale, are represented in 
Fig. 2,a@ and d@. Besides the various species already mentioned 
we have recently taken at Austin the workers of £. californi- 
cum Mayr. and £. pelosum F. Sm. The latter species has not 
before been recorded from the United States. With the single 
exception of £. carolinense, all the species of Eciton known to 
occur north of Mexico have been found in Texas, and it is very 
probable that £. carolinense will be found in the eastern por- 
tion of the state. The species of the genus occurring north 
of Mexico may be tabulated as follows, according as they are 
known from the male or worker phase alone or from both : 


WoRKERS. MALEs. 


Eciton cecum Latr. Labidus sayt Hald. 


. sumichrasti Norton. 
. schmitt Emery. 

. californicum Mayr. 
. opacithorax Emery. 
. carolinense Emery. 


Unknown. 

E. schmitti Em. 
Unknown. 

E. opacithorax Em. 
Unknown. 


L. harrist Hald. 

L. mexicanum F. Sm. 
L. nigrescens Cress. 
L. minus Cress. 

E. spoliator Forel. 

L. melshemeri Hald. 
Unknown. 


Unknown. 
Unknown. 
Unknown. 
Unknown. 
Unknown. 
Unknown. 
. £. pilosum F. Sm. 
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The males of £. schmitiz, after living in good condition in the 
artificial nest for a tew days, began to die off, at first a few each 
day, then more, til! by the evening of October 22, nine days after 
their capture, they were all dead. During this period, how- 
ever, it was possible to make a few observations on their habits. 


Fic. 2.— Heads of male ecitons. a, £. harrisi; b, E. schmitti; c, E. cecum; 
d, E. harrisi, var.; e, E. opacithorax. 


In his former paper the senior author recorded the fact that 
the odor of the workers of £. schmitti, like that of other 
species of the genus, is rank and disagreeable, whereas the 
odor of the queens is mild and pleasant. 


1 The peculiar odor of Eciton workers was noticed by Sumichrast (Notes on 
the Habits of Certain Species of Mexican Hymenoptera, etc. Note 1, On the 
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It was interesting, therefore, to find that the males have the 
same pleasant odor as the females. We believe that this 
peculiar property acts as a powerful attraction to the workers, 
causing them to cling in great numbers to the bodies of the 
fertile sexes. Certainly no other ants with which we are 
familiar appear to be so fond of their queens and males. The 
workers seem never to tire of fondling and licking the latter. 
They lick even their large mandibles and the broad membranes 
of their wings, and when the males move about in the nest 
the workers ride on their backs and sides. Sometimes the 
males are loaded down so heavily with workers that they can 
neither walk nor fly. On such occasions they are often seen 
to relieve themselves of their too affectionate attendants by 
suddenly flirting their wings and tossing the workers to a 
distance. Even dead males are often fondled for hours. 
Although the males have beautifully developed strigils on their 
fore-tibiz, they do not appear to use them while in the nest, 
probably because the continual grooming which they receive 
from the workers makes attention to their own persons unneces- 
sary. In this respect the behavior of these male ants is in 
marked contrast ‘with the behavior of the male Ponerinz 
(Pachycondyla harpax, for example). 

So far as could be observed the males made no use of their 
huge mandibles, structures which cannot fail to excite interest, 
because the mandibles of male ants are usually so small or 
even rudimental as compared with the mandibles of the workers 
and queens. The male ecitons were never seen to fight 
with one another or with the workers, nor did they take food 
of any form during their captivity. Since the female Eciton 
is wingless and sluggish, the mandibles of the males can hardly 
function as clasping organs. We are inclined, therefore, to 
regard them as secondary sexual characters belonging to the 
same category as the much larger mandibles of the male stag- 
beetles (Lucanidz) or the cephalic and pronotal horns of many 
male chafers (Scarabzeidz). It is not improbable, however, 


Habits of the Mexican Species of the Genus Eciton Latr., Zrans. Am. Ent. Soc. 
(June, 1868), pp. 39-44), but erroneously attributed to the ants’ living in rotten 
wood. 
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that when the mystery which still envelops the origin of the 
female Eciton and the time and place of her impregnation has 
been dispelled, the mandibles of the male may be found to 
have some as yet unsuspected function. 

During the morning hours the ecitons remained very quiet, 
hanging in clusters in an angle formed by the soil and the 
glass of the jar, or between the glass and the earth of the 
Lubbock nest after being removed to the latter. The males, 
concealed beneath the mass of workers, were usually huddled 
together, with their heads hidden in holes in the earth and 
their abdomens and the tips of their wings projecting. They 
appeared to be sleeping. Between one and two o’clock in 
the afternoon the whole colony awoke. The males would 
begin to climb the glass sides of the jar in perfectly perpen- 
dicular paths, falling to the bottom from time to time but 
again persistently ascending. The workers would often file 
up the sides of the jar with the males walking at the same 
rate of speed in their ranks. The activity of the colony 
appeared to reach its height between five and seven o’clock, 
and then to subside as the night came on, when the colony 
again clustered with the males in its midst. Even a lamp 
kept in the room with the nest, if not too near it, failed to 
interrupt their slumbers. This striking rhythm of alternating 
activity and rest was observed on each of the nine days during 
which the males lived, and was continued by the workers 
alone for some weeks afterwards. 

The numerous males of £. schmitt¢ and £. opacithorax taken 
in the two nests above described showed relatively little varia- 
tion in size and coloration. They were all equally fresh and 
active and had evidently all hatched but a short time before the 
nests were discovered. This induces us to add some remarks 
concerning the supposed dimorphism of the males of Eciton, if 
only for the purpose of corroborating Emery’s statements on 
this subject. For the sake of bringing the matter clearly 
before the reader, we translate most of Emery’s remarks.! 

“In my memoir on the larve of ants? I omitted a discussion 


1 Nuovi Studi sul Genere Eciton, /oc. cit., pp. 4, 5. 
2 Intorno alle larve di alcune Formiche. 
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of the singular observations published by W. Miiller,’ which, 
as recorded, tend to show that the larve of Eciton are of 
two forms, one like those subsequently described by myself, 
the other furnished with setigerous tubercles, like the larvz of 
the Ponerinze. When, during the past autumn at the Munich 
meeting of German naturalists, I presented the results of my 
observations, Forel took exception to them, on the ground that 
the dimorphism observed by W. Miiller in Eciton went to 
prove that the cutaneous tubercles could not be peculiar to the 
larvee of the Ponerinz. I was thus compelled to examine 
Miiller’s observations, for the purpose of ascertaining whether 
or not Forel’s conclusion and those of the author himself were 
legitimate. 

«“ Among many thousand typical larve of Eciton, Miiller 
observed a very few much smaller larve, covered with tuber- 
cles and some dark-colored cocoons containing similar larvze 
and pupe and differing from those of the ecitons. The tuber- 
culate larvz were of different sizes and forms, and most of the 
dark-colored cocoons woven by these larvze measured 8 mm., 
but some of them only 6 mm., inlength. As it was not known 
at that time that the larve of the Ponerinz are of this struc- 
ture, he could not suppose that he was dealing with larve 
stolen from the nest of other ants. Miiller and Forel, who 
examined the material collected, thought there was an evident 
connection between the two observations to be discussed, a 
fallacious connection which, nevertheless, as an element of 
suggestion, has dominated the whole thought of these authors. 

“In the midst of the mass of worker ecitons Miiller found 
a dealated and damaged specimen of the insect then known as 
Labidus burchelli, the male of the Eciton which was the sub- 
ject of his observations. On examining a pupa taken from one 
of the dark-colored cocoons and hence derived from a tuber- 
culate larva, Forel observed that, whereas the form of the head 
and thorax was that of a worker ant, the tip of the abdomen 
presented appendages, which, though poorly preserved in the 
specimen studied, recalled by their position and configuration 


1 Beobachtungen an Wanderameisen (Zciton hamatum) in Kosmos, 10. Jahrg., 
Bd. xviii (1886), pp. 81-93. 
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the copulatory appendages of the male sex. This pupa must, 
therefore, be a male, though very different from the Labidus, 
as shown in the figures which I reproduce in the plate 
accompanying this memoir (Fig. 30, a, 4, c). Believing the 
determination of the sex to be correct and desiring an explana- 
tion of the facts, the specimen was supposed to be a hetero- 
morphic male of Eciton, and the tuberculate larve were 
therefore regarded as male larva, the smooth ones as belong- 
ing to ants of the femalesex. Thus arose the strange doctrine 
of the dimorphism of the males in the genus Eciton. The 
new heteromorphic male was, from analogy with the termites, 
designated as a supplementary male.” 

From an examination of W. Miiller’s figures, Emery con- 
cludes that the pupa which gave rise to the above view was 
a normal worker pupa of some ponerine ant, presumably a 
species of Pachycondyla which had been appropriated by the 
ecitons. That Emery has drawn the correct inference from 
Miiller’s data is very clear from the following observations 
made on £. schmitti during the past spring. These observa- 
tions are transcribed from the notebook of the senior author. 


May 25 we came upon a colony of £. schmztti under a large 


flat stone. The ants had dug their galleries to a depth of 
several inches in the moist black soil and had literally packed 
them with larvae and pupz. The latter were more abundant 
and were at once seen to be the slender, naked worker pupz 
of the Eciton. The relatively small number of larvae were 
nearly mature and closely resembled the figures of Eciton 
larve published by Emery.! There were, however, many 
naked pupz and larve of very different shapes and sizes. 
Some of the former had wing-cases, and for a few days the 
senior author lived in the pleasant anticipation of being able 
to hatch the male ecitons, since much of the nest had been 
captured and placed in a large glass jar. The ecitons at once 
set to work and collected the slender larvae and pupz and then 
turned their attention to the others, which were finally brought 
together in the same place. Some of the winged pupz and 


1 Intorno alle Larve di Alcune Formiche, Wem. della Accad. delle Scienze dell’ 
Istituto di Bologna, 7 maggio, 1899, 2 tav. 
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the obese larvae from which they were evidently derived were 
examined more carefully, and it was found that many of them 
were queen larve and pupz of some one of three species of 
Pheidole whose nests had been noticed a short distance from 
the Eciton nest. Other larvae and pupz appeared to belong 
to another commen ant, Solenopsis geminata. There could be 
no doubt that the ecitons had stolen all these myrmicine 
progeny, which they proceeded to devour a few days later 
till all had disappeared. 

That this habit of pillaging the nests of other ants is shared 
also by the tropical ecitons is shown by the following obser- 
vation recorded by Sumichrast!: “It is probable that the 
Eciton attacks the larve and pupz of other ants to make 
them serve as food for the nourishment of their own larvz or 
for sustaining themselves. I surprised one day, in the first 
hours of a somber and rainy morning, a considerable assem- 
blage of ¢epeguas (No. 36), fastened one upon another like a 
swarm of bees, and entirely still. Having dispersed them, I 
perceived in the place which they covered with their bodies a 
quantity of little white larve, brought away, doubtless, from 


the nests of some Myrmicide. At another time I witnessed 
the pillage of a nursery of other ants by a quite numerous band 
of workers minores of No. 68; alarmed by the reprisals which 
I made on their account, they took to flight, some of them 
carrying between their mandibles as many as three larvee at 


once.” 2 


The habit of seizing the larvae and pupz of other ants and 
of storing them in their nests for several days till required for 
food is only a special phase of a more general habit of the 
ecitons and probably also of some other ants, for the ecitons 
do the same with the other portable insect booty which they 


1 Loc. cit., p. 42. 

2 Recently at Querétaro in Mexico the senior author surprised a troop of 
Eciton crassicorne Sm. pillaging a large nest of the agricultural ant (Pogono- 
myrmex barbatus). The temporary nest of this powerful Eciton was found 
under a large stone only a few yards away. It contained a number of dead 
agriculturals. At Cuernavaca the same species of Eciton was seen pillaging 
some small Pheidole nests and dragging away carabid beetles from under the 
stones. 
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capture on their marauding expeditions. When they migrate 
to a new nest they carry this booty with them, as shown by 
the following observation made in the city of Galveston during 
the past June. A large colony of £. schmittz, which had 
been living under the front doorstep of the house in which the 
senior author was stopping, decided to change their quarters. 
In the early twilight the entire colony moved out in regular 
file through the garden and entered a new nest which was 
being dug only a few yards from the old one about the roots of 
some violets. While carefully scrutinizing the file of ants for 
the purpose of detecting any ecitophiles which might be march- 
ing with them, the ecitons were seen to carry considerable 
numbers of dead carabid beetles (small species of Harpalus and 
Ptercstichus). These evidently represented their store of food 
for the time being. Since this observation was made, the 
senior author has had frequent opportunity to feed the ecitons 
in artificial nests with termites and the larve of ants (Campo- 
notus and Pachycondyla!). In all cases many of these larvze 
and termites were carried about or stored in one corner of the 
nest for several days before they were eaten. 


Postscript. 


The first female Eciton known to have been taken in the 
United States was discovered by Rev. P. Jerome Schmitt in 
April, 1894, on the grounds of St. Mary’s College, Belmont, 
Gaston County, N.C. The insect was found under the bark of 
a tree and concealed under a large mass of workers half rigid 
with the cold. Eighty to one hundred specimens of an ecito- 
philous beetle (Ecztonusa schmitti Wasm.) were found scattered 
through the cluster of workers. The latter were identified by 
Wasmann and Emery as belonging to £. opacithorax Emery. 
The description of the female has been delayed till the present 
time, as Rev. Mr. Schmitt happened to be more interested in 
other fields of entomology. At our request he has most gener- 
ously sent us the insect for examination and description, and has 
also permitted us to use the accompanying cut, prepared for him 
some years ago under the direction of Messrs. Schwarz and 
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Pergande. Through this kindness Rev. Mr. Schmitt has enabled 
us to complete our description of the sexual forms of £. opacz- 
thorax, the male of which is described above. Comparison of 
the female of this species with the female of £. schmitti 
shows such striking similarity that unless the specimens had 
been taken with workers of two very different species, one 
would scarcely regard them as specifically distinct. The fol- 
lowing slight differences can be noticed: The female £. opacz- 
thorax has the head somewhat more shining, with smaller 


punctures, which are not confluent as in £. schmitti; the 

eyes are smaller, the hairs on the dorso-lateral portions of the 

head are shorter, the occiput is distinctly less depressed in 

the middle line, and 

the pronotum is some- 

what rounder and more 


convex above. The 
thorax is less conflu- | if 
ently punctate, more 
evenly hairy, and the 
petiole is less concave 
in the middle. The 
size and color of the 
two species are very 
nearly identical; even 
the large dark blotches 
on either side of the 
metanotum are present 
in opacithorax. 

If we may be per- 
mitted to generalize from the study of the two species of 
Eciton, of which we have seen all three phases, it may be 
said that the fertile forms of the different species of this genus 
are even more difficult to distinguish from one another than 
the workers. For this reason, and also on account of the much 
greater rarity of the males and females, myrmecologists will 
probably continue to regard the worker ecitons as of greater 
taxonomic importance. 


Fic. 3.— Eciton opacithorax Emery. 


UNIVERSITY OF TEXAS, AUSTIN, TEXAS, Nov. 15, 1900. 
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THE MORPHOLOGY OF THE HINGE TEETH OF 
BIVALVES. 


WILLIAM H. DALL. 


THE most notable step in advance for the study of bivalve 
mollusks which has been made for many years is due to the 
researches of the late F. Bernard, which are included in half a 
dozen papers, of which the earliest appeared in 1895. 

Ever since the time of Schumacher and Lamarck, in the 
early years of the century, the interlocking projections of the 
dorsal margins of the valves of pelecypods have been recog- 
nized, under the name of hinge teeth, as affording characters 
of the highest value in systematic classification of the subdi- 
visions of this group. All works treating of these animals 
have utilized the more or less obvious features of the adult 
hinge teeth in framing diagnoses of families and genera. 
Systematists contented themselves, however, with noting the 
number, position, and division of the teeth into so-called ‘ car- 
dinals”’ and “laterals”’ and ignored the fact that large groups 
have teeth of special types, which can hardly be closely homol- 
ogized with the teeth characteristic of several other groups. 
This method of treating the teeth was unquestioned for more 
than half a century and became so fixed in the minds of sys- 
tematists that modern efforts to suggest a. new point of view 
have up to the present time been almost futile. Steinmann, in 
his Lehrbuch der Paleontologie, Fischer, in his Manual (1887), 
and especially Neumayr, in his Morphologie Bivalven Schlosses 
(1883), emphasized the necessity of distinguishing between 
certain fundamental classes or types of hinge teeth, and to 
Steinmann we owe the suggestion of a formula for indicating 
in brief form and almost graphic manner the number and rela- 
tions of the teeth on any given hinge. The writer, in 1889, and 
Neumayr, in a posthumous paper issued in 1891, applied these 
principles to the general classification of bivalves, necessarily 
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in a tentative manner, but further advance, or even the 
confirmation of steps already taken, could be made only on 
the basis of observed facts of development in concrete cases. 
Munier-Chalmas (1895) propounded certain theories of proto- 
typic hinges, but in the absence of published observations 
these attracted slight attention. In the same year the writer 
elaborated his previous thesis, insisting on the modifications 
due to dynamic causes acting directly on the hinge, on the 
origin of hinge teeth from initiative due to external sculpture 
in the dorsal region, and on the duplex nature of the so-called 
ligament, which many years before had been recognized by 
Récluz, whose observations fell on sterile soil. The existence 
in many nepionic bivalves of a primitive hinge, since named 
the provinculum, was also pointed out. Almost simultane- 
ously the first of Bernard’s papers appeared, for the first time 
furnishing facts in relation to the development of the hinge 
teeth in a comparative series of different genera ; and thence- 
forward, until the time of his premature decease, he continued 
to bring together invaluable data in the same line, covering a 
large number of genera and opening the way to a field of 
research of extraordinary promise, throwing an entirely new 
light on the development of hinge structure and making a 
permanent breach in the barriers of a conservatism which had 
so long retarded the appreciation of efforts for a more scientific 
consideration of the facts of hinge structure. As in all first 
attempts, the shackles of outgrown methods were not wholly 
discarded, and much more study is required before a final 
system can be hoped for, but so much has been done that it is 
no longer possible for the former inertia to prevail. Several 
papers bearing on this subject have recently appeared. One 
of them, by W. von Vest,! can be briefly dismissed, as it con- 
tributes nothing new in the way of facts and is chiefly devoted 
to the introduction of a host of new technical German terms, 
which in turn are reduced to symbols, which when formulated 


1 Ueber die Bildung und Entwicklung des Bivalven-Schlosses, followed by 
Entwurf einer Einteilung der lebender Bivalven nach dem Schlossbau, Verh. des 
Sitebenburgischen Vereins fiir Naturw. 2u Hermannstadt, Bd. x\viii (1899), pp. 
25-150, Pls. I-III. 
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comprise five or six lines of difficultly intelligible letters and 
figures, requiring three or four times as much more space 
devoted to “‘ Erklarung der Formel,” and, when all is said and 
done, hinder rather than help. How long will it be before it 
is universally understood that symbolization which has not the 
merit of brevity is not only a foolish waste of ingenuity and 
time but is absolutely without any chance of acceptation ? 

In this connection it may be noted that Munier-Chalmas 
proposed a system of notation for the hinge of bivalves which 
erred not only by involving much purely hypothetical assump- 
tion but also by inordinate length. A better was proposed by 
Bernard, of which some modification is suggested by Dr. Fritz 
Noetling! in an interesting and suggestive paper which has 
lately reached us. Bernard began work on the teleodont 
forms (Heterodonta of Neumayr) and under the influence of 
Munier-Chalmas. As many of the Teleodesmacea have com- 
parable hinges, it was natural that Bernard should suppose that 
all hinges were comparable and that the formula he proposed 
should be based on the assumption that from the mere position 
on the hinge plate the homologies of the individual teeth could 
be taken for granted, which we believe to be a very mistaken 
idea. Bernard in his later work realized that error, but unfortu- 
nately was not spared to consider the revision of his symbols. 
As a matter of fact even in the Teleodesmacea Bernard showed 
before his death that several distinct systems of tooth develop- 
ment can be recognized which cannot be interchangeably homol- 
ogized. Much more is it impracticable to homologize teeth of 
such groups as the Prionodesmacea and Teleodesmacea. In 
groups where it is practicable, — to be determined by observa- 
tion and not by theory, — Bernard's system will doubtless, with 
some modification, continue to be used. It is, however, very 
liable to lead the student unacquainted with its pitfalls into an 
unprofitable wilderness of theory, when, for the present, facts, 
and again facts, are imperatively demanded. If we eliminate 
theory, it still remains important that there should be some 
symbolical way of presenting the facts to the eye without 


! Notes on the Morphology of the Pelecypoda, Paleontologia Indica, N.S. 
vol. i (1899), pp. 1-43, No. 2. Calcutta. 
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extended verbal description, and for this we must fall back on 
some modificaticr: of Steinmann’s system, which for clearness 
and brevity can hardly be excelled. It is essential also that 
the student should not forget that the teeth are not, so to 
speak, individualities or specific organs, no matter how true 
they, in the main, are bred from generation to generation. 
Apart from their genetic origin as the selected results of 
the dynamic influence of external sculpture on limited areas 
of the shell (this sculpture itself being a selected conse- 
quence of the dynamic influence of the irregularities of the 
edge of the mantle upon the shell it secretes), the teeth are 
essentially prominences of a structure of homogeneous material 
modified by strains and impacts, and an excess or deficiency in 
the dynamics of the hinge margin in any individual will directly 
affect the hinge. The proof of this is most obvious in the 
differences of the lateral lamellz which will be found in exam- 
ining a large series from different localities of such a type as 
Tellina, for instance. 

One important result of Bernard’s researches was to show 
that cardinal and lateral are the disunited segments of an 
originally continuous lamina, and hence of genetically identical 
origin in certain teleodonts. In others the cardinals and 
laterals probably are distinct in origin (Tellina), though these 
developments so converge that in the adults they would be 
homologized by any student. The dynamic influence of the 
ligament when internal is very great and differs at different 
stages of growth in the same individual. In general it pre- 
vents the formation of the “ hook,” from which cardinal teeth 
are developed, on the laminz at the posterior end of the shell, 
but in some Leptonacea and Crassinella, where the internal 
resilium is nearly central, prominences which are genetically 
identical with the so-called cardinals are formed also behind the 
beaks. The inclination of the teeth to a perpendicular from 
the beaks is a function of the torsion of the umbonal extremity 
of the valve and may differ strongly in otherwise closely related 
species. The cyclodont type of hinge largely results from such 
torsion. This inclination therefore should not be discussed as 
if it was an essential character of the teeth in themselves. 
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For those who may be interested to look into this subject it 
will be useful to explain the formulz proposed by Bernard and 
Steinmann, with their subsequent modifications. 

In Bernard’s scheme the teeth are numerals, — those of the 
right valve with odd, and of the left valve with even numerals ; 
the cardinals have Arabic, the laterals Roman numerals. The 
character of the teeth is further indicated by capital letters, and 
their origin by lower case italic letters corresponding to the 
primitive lamina from which they are supposed to have been 
detached in the course of development. Bernard begins with 
the median cardinal and numbers both ways. In most pele- 
cypods the cardinals are all anterior, though the laterals are 
either anterior or posterior. He begins with the ventral lat- 
erals and numbers upwards. One of the interesting points 
made by Noetling is that the ventral lateral laminze are some- 
times the younger, and therefore the homologies which may be 
inferred from the numeration beginning below are liable to be 
disturbed, whereas if the numeration of the laterals began from 
above, the dorsal laminz being, as he contends, the older, this 
source of error would be eliminated. 

In our opinion liability to error is inherent in the system 
which attempts to combine theoretical assumptions as to age 
and origin with a numerical indication of facts. Laterals may 
undoubtedly be added above as well as below in the course of 
growth, for the dorsal margin of the hinge plate is added to as 
well as the ventral; the hinge, when the ligament is opistho- 
detic, or posterior to the beaks of the valves, increases at both 
edges as long as the shell continues to grow. 

Bernard indicates the sockets by a colon and uses the letter 
L between vertical bars to indicate the place of the ligament. 
The portion of the ligament which is internal is (so far as 
known) always the resilium, so it would be better to use R as 
a symbol, the letter L being already appropriated to symbolize 
the lateral laminz. Vertical bars are also used to separate the 
anterior laterals from the cardinal series, though, as the index 
letter L or C is already in use as an indicator, the bars do not 
seem to be needed. If we take as an example the case of 
a bivalve having three cardinal teeth and two anterior and 


q 
| 
i 
3 


180 THE AMERICAN NATURALIST. [VoL. XXXV. 


posterior laterals in each valve, Bernard’s formula would be as 
follows, —the anterior end of the hinge being at the left end 
of the formula. 


Right valve LA I: 111 :| Caja: 1 :3p: 
Lettwalve | Cas 2p 4p: 


The Steinmann formula for the same shell is: 


Rlolo-1o I otorlolo 


Ordinarily this formula is written in the opposite direction, 
bringing the left valve above the line, but I have reversed it 
here to make the formula more comparable. In the Steinmann 
formula we put | for a lateral and 1 for a cardinal ; o for a socket, 
and a period to set off the anterior laterals from the cardinals. 
In this formula nothing is left to theory: the figures symbolize 
exactly the number and relative position of the parts of the 
hinge and a diagram could hardly do it better; of course it is 
capable of enlargement: for instance, bifid teeth may be sym- 


bolized by a fraction %, instead of a single digit ; the amor- 


phous irregularities which occur on such a hinge as that of 
Venus mercenaria may be symbolized by an X, and the solder- 
ing of adjacent teeth by the insertion between their symbols 
of a+sign. All the facts of the hinge of an adult shell can 
be indicated by this formula. It is only when the facts of the 
development of any particular hinge have been ascertained 
that we can use the Bernard formula with equal confidence 
and accuracy. 

The initiation of denticulations on the hinge plate by 
external sculpture, as pointed out by Neumayr, is illustrated 
in many of the curious Paleozoic bivalves which he called 
Paleoconchs. These forms, though not in themselves the 
oldest known pelecypods, or prototypes, doubtless illustrate 
the method by which in prototypic forms the organs in ques- 
tion were evolved. Moreover, in the living Mytilidze, especially 
the more minute and deep-water forms, the same process in 
various stages can be directly observed. In some of them, as, 
for instance, Dacrydium, the development of hinge teeth stops 


No. 411. ] HINGE TEETH OF BIVALVES. ISI 


with the completion of the crenulations which in many other 
pelecypods form only the nepionic hinge or provinculum. The 
provinculum is common to all the Prionodesmacea, bivalves 
which include Neumayr’s Taxodenta (Arca, Nucula, etc.) and 
Dysodonta (Mytilus), and other ancient types (Unio, Perna, 
etc.). A few of the Teleodesmacea (Heterodonta and Des- 
modonta of Neumayr) also retain traces of it. The marvelous 
thing in the development of the hinge is that in the vast 
majority of hinges, including such primitive types as Nucula, 
the hinge does not go on developing from the provinculum, but 
the latter stops short and, as it were, after an interval, a wholly 
new set of teeth, taxodont or other, begins to develop. In the 
taxodonts there is a multiplication of similar teeth, often more 
or less A-shaped, separated by a gap from the most adjacent 
of the provincular teeth, even when closely similar to them. 
The explanation of this discontinuity in development is the 
most interesting question to be solved in connection with the 
pelecypod hinge. In the Teleodesmacea instead of a multi- 
plication of similar teeth we have a few, usually with one limb, 
of the A disproportionately elongated. The apex of the A being 
adjacent to the umbo, the proximal portions develop into the 
so-called cardinals on the anterior side of the ligament. Only 
in forms (Crassinella) having a very symmetrical development 
is there any indication of a cardinal behind the ligament. The 
distal end of the long limb of the A, usually the upper or outer 
limb, develops into a so-called lateral tooth. This process is 
characteristic of the forms (Venus, Cyrena, Mactra, etc.) 
included by Bernard in his cyrenoid type of heterodonts. 
In others the connection between the processes called cardi- 
nals and laterals is practically wanting; the laterals arise 
separately from the first, as far as observation can determine 
at present. These are types having the hinge much elongated 
and the laterals distant (Tellina), or absent (Macoma), or in 
which the teeth are what I have called cyclodont (Cardium, 
Isocardia), arising from below the hinge margin and practi- 
cally without a hinge plate. Most of these were included by 
Bernard in his lucinoid type of heterodonts. There is nothing 
to deter us from believing that all these types are fundamentally 
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of common origin ; the few-toothed ledas approach the hetero- 
dont type, sometimes very closely; but the divergencies must 
have begun very early in the history of pelecypods and the 
differentiation is now very marked. It is earnestly to be 
hoped that such researches as those of Bernard will be con- 
tinued until light is thrown on all the various problems for 
which we now know no suggestion of a solution. 
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THE PHARYNGO-CESOPHAGEAL LUNG OF 
DESMOGNATHUS. 


HARRIS H. WILDER. 


SiNncE the discovery of lungless salamanders in 1894, numer- 
ous investigators have endeavored to ascertain the method of 
respiration in these forms. Camerano (1894), after a series of 
physiological experiments upon Sfelerpes fuscus, came to the 
conclusion that integumental respiration was no better devel- 
oped than in other Amphibia, and that the respiration must 
be mainly bucco-pharyngeal. Directly along this line Maurer 
(1897) showed that in lungless forms the pharyngeal capillaries 
pass beyond the corium and actually invade the epidermis, a 
condition unique among vertebrates. Hopkins (1896) supplied 
an interesting point of negative evidence, that in lungless sala- 
manders the pulmonary vein is entirely wanting, and that cor- 
respondingly the left atrium is reduced to a rudiment. This 
view was slightly modified by Bruner (1900), who showed that 
what Hopkins had taken for the septum atriorum was really a 
valve and that a proper septum did not exist, hence the single 
atrium of lungless forms is probably due to a confluence of the 
original two. 


A careful study of the blood vessels of both lunged and 
lungless salamanders was conducted by Bethge (1897), with 
the result that he located in the latter (Spelerpes fuscus) a 
pharyngeal plexus of capillaries, the vessels of which seemed 
swollen at irregular intervals. Miss Woldt (1897) found a 
pulmonary artery in Plethodon, supplying both cesophagus 
and skin. 


Thus far, however, the investigation seems to have centered 
about the organs of circulation, and, consequently, a curious 
set of facts along a different line has been entirely overlooked. 
Although these have been met with and described by various 


investigators, no conclusions have been drawn from them. 
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The first of these is the obvious fact, to which my attention 
was first directed by Dr. H. S. Pratt, that lungless forms 
breathe in the same way as do other salamanders ; that is, 
they indulge in rhythmic respiratory movements during which 
the throat fluctuates in and out with considerable rapidity. 
A second closely related fact is that recorded by Bruner 
(1896), that, in common with salamanders with lungs, the sev- 
eral species of lungless forms investigated possess a muscular 
apparatus for opening and closing the anterior nares. Although 
in lunged forms this apparatus is directly connected with the 
respiratory act, Bruner, influenced by the general opinion that 
lungless forms could not really breathe, explained the presence 
of this apparatus in such genera as Desmognathus and 
Spelerpes as solely a protection against water. The third fact, 
which has remained entirely unexplained until now, is the 
presence in lungless salamanders of well-developed respiratory 
muscles identical with those possessed by other Urodeles and 
inserted into the walls of the pharynx and cesophagus (Wilder, 
1896). 

The meaning of these incongruous and apparently unrelated 
facts has at last been made clear through the careful investi- 
gations of one of my assistants, Miss Anne Ide Barrows, whose 
preliminary report on the subject has just appeared in the 
Anatomischer Anzeiger (Bd. XVIII, Nos. 18, 19). Miss 
Barrows has just concluded a long and exhaustive study of the 
entire circulatory system of Desmognathus fusca and has suc- 
ceeded in demonstrating that not only the pharynx, as shown by 
Bethge in Spelerpes, du¢ also the entire esophagus, is supplied 
with a dense capillary plexus, the vascular area of which is of 
Sufficient extent to transform the entire pharyngo-ewsophageal 
region into a functional lung of at least as great respiratory 
power as that of the patred lungs of normal salamanders. The 
plexus is formed mainly by four arteries, two external maxil- 
laries on the dorsal, and two pharyngeal on the ventral side. 
Posteriorly a few branches of the gastric artery contribute to 
the formation of the plexus. 

It is worthy of note that a large part of the plexus is formed 
by arteries from the fourth or respiratory arch, and that much 
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of the aérated blood is not returned directly to the heart but 
enters the hepatic portal system through a pair of cesophageal 
veins. 

The demonstration of this respiratory organ puts the nec- 
essary meaning into the three facts enumerated above, for 
since there is a functional lung there must be respiratory 
movements performed by respiratory muscles, and thus the 
true function, both of the small muscles about the anterior 
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Ventral aspect of pharynx and cesophagus of Desmognathus fusca, showing the plexus of blood 
vessels. The background of this figure was drawn by the author, based upon one published 
in 1894. The blood vessels were added by Miss Barrows. 


nares and the large internal set, becomes evident. Concern- 
ing these latter, the respiratory movements induced by them are 
of two kinds: an act of inspiration which expands the pharyngo- 
cesophageal region and an act of expiration which contracts 
it again. The muscles employed in inspiration are evidently 
those which arise from various dorsal and lateral points and 
become inserted along the sides of the pharynx and cesopha- 
gus, called by me the dorso-laryngeus, scapulo-pharyngeus, and 
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cesophageal muscle. These by their contraction draw apart the 
walls of the alimentary canal in this region, and the external 
air rushes in through the nostrils to fill the vacuum thus formed. 
In my previous paper, not having the present point of view, I 
said little about the muscles used in expiration, but it is now 
obvious that the well-developed muscular layer which surrounds 
the pharynx in some of the species, and which I have figured 
in Fig. 2 of the article referred to under the name of pharyn- 
geal muscular sheet, must have that function. It is also prob- 
able that in some species the digastricus pharyngis becomes a 
powerful expiratory muscle. 

Summarizing the results thus far obtained, we may state 
the following: Desmognathus fusca breathes mainly by means 
of a definitely localized portion of the anterior part of the ali- 
mentary canal, which may be known as the pharyngo-wsopha- 
geal lung. The walls of this organ are richly supplied with 
blood from a capillary plexus which ts trregularly reticular in 
its pharyngeal portion, and in its esophageal portion consists 
mainly of very numerous longitudinal vessels which run parat- 
lel with the mucous folds. Rhythmic inspiratory and expiratory 
movements of this organ are caused by two sets of muscles, the 
one dilating and the other contracting th’ lumen. 

These motions are accompanied and assisted by respiratory 
movements of the floor of the mouth, as in other salamanders. 
The mouth ts normally closed during respiration, and the nostrils 
are used for the passage of air. The anterior nares are equipped 
with a regulating apparatus, as in other salamanders, and for the 
same purpose. 

Although the above summary rests upon recent investigation 
upon a single species, it is probable that a similar organ exists, 
with some slight modifications, in the other lungless sala- 
manders. The bibliography referred to here merely by the 
author’s name is given in full in Bruner’s latest article on the 
subject in the Journal of Morphology, February, 1900, to which 
the reader is referred. 


SMITH COLLEGE, Nov. 16, 1900. 
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NOTES ON THE HABITS OF CAMBARUS 
IMMUNIS HAGEN. 


J. ARTHUR HARRIS. 


In the present notes I intend to give only a few observa- 
tions made on the habits of one of our common crawfishes, 
Cambarus tmmunis Hagen. The material which I have exam- 
ined seems quite variable, and a part of it would probably fall 
under Faxon’s variety, spznirostris. It does not embrace all 
the data I have at hand, and as more is being collected as 
rapidly as opportunities for field work are presented, I hope in 
the near future to give a much more complete acccunt of the 
habits of this and other forms. These few points are pre- 
sented here simply because they seem to throw some light 
upon one or two questions concerning the habits of the craw- 
fish, a field which I feel sure is deserving of careful study. 

C. tmmunis is decidedly a mud-loving species. Faxon! says: 
‘Mr. H. G. Hubbard has found it in muddy pools aud ditches 
connected with the Detroit River, Michigan. According to Mr. 
Hubbard, it does not form burrows but conceals itself among 
weeds.” Herrick,” in his description of C. stgnifer [= C. immu- 
nis|, says: “ Found by hundreds in a shallow pool known as 
Grass Lake in Richfield, Hen. County.”’ Forbes? says: “ This 
is the commonest species of central Illinois. It is especially 
frequent in the muddy ponds of the prairies, whence it may be 
drawn by the hundred with a small seine.”” Hay? says: “ This 
species is a mud-lover, being found in great numbers in mudcy 


1 Faxon, Walter. A Revision of the Astacidz, M/em. Mus. Comp. Zo0l. Har- 
vard College, vol. x (1885), No. 4. 

2 Herrick, C. L. Papers on the Crustacea of the Fresh Waters of Minnesota, 
Tenth Rept. on the Geol. of Minn., 1882. 

8 Forbes, S.A. List of Illinois Crustacea, with Descriptions of New Species, 
Bull. Il. State Lab. of Nat. Hist., vol. i, No. 1. 

* Hay, W. P. The Crawfishes of the State of Indiana, Twentieth Ann. Reft. 
/nd. Geol. Survey, 1896. 
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ponds in the early spring. I have always found them in the 
greatest abundance in ponds which became perfectly dry dur- 
ing the summer months, but where the crawfish go during this 
time I have never been able to ascertain. Doubtless great 
numbers of them are eaten by birds and other animals, and 
great numbers of them perish; yet by the next spring they 
are as abundant as ever and of about the same size.”’ 

C. tmmuntis is our most common species in Douglas County, 
Kansas, and is found in almost precisely the same habitat 
as reported above for Illinois, Indiana, Michigan, and Min- 
nesota. Roadside ditches and ponds in pastures are favo- 
rite places. In this county we have ponds in an old river 
bed which contain immense numbers of this species. These 
ponds are six to eighteen inches deep, depending upon the dry- 
ness of the season. They are very muddy and have usually in 
the shallower parts, which are apt to become dry during the 
summer, a rank growth of Polygonum and plants of like habit. 
From such a pond I took, one day in October, 1898, in com- 
pany with Mr. C. D. Bunker and another collector, about fifteen 
hundred specimens, of which only a very few were less than 
two and one-half inches in length. There were not more 
than a half dozen small specimens in the whole lot; in other 
ponds, however, I have made collections which showed almost 
all stages of development. In many of the ponds C. zmmunts 
seems to be the only species, but in others we find also 
C. gracilis Bundy and C. verilis Hagen (?), but these do not 
occur in nearly so great numbers as does C. zmmunts. 

According to my observations, C. zmmunis is a burrowing 
and, at least to a certain extent, a chimney-building species. 
Burrowing, however, appears to be only resorted to when there 
is danger of the drying up of the ponds or on the approach of 
winter. Lack of opportunity for examining the ponds in all 
different conditions without doubt accounts for the failure of 
Hubbard’ or Hay? to observe the burrowing habit of this spe- 
cies. Hay’s suggestion of crawfish perishing upon the drying 
up of the ponds seems to me to be largely ungrounded, since 
I have never found any considerable numbers of dead ones in 


1 Faxon, W. Loe. cit. * Hay, W.P. Loc. cat. 
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many places which I have visited in all stages of drying up. 
Possibly birds may eat a few, but probably these are mostly 
water birds which could easily get the crawfish in the shallow 
water at any time. 

In early September, 1900, I visited a pond, which earlier in 
the season had many crawfish in it, and found there were many 
burrows around the edge and but few animals in the pond. 
Upon digging out one of these burrows, which had a chimney 
about four inches high and five inches in diameter at the base, 
I found a large first-form male and a somewhat smaller female. 
The burrow was about fifteen inches deep and about one and 
one-half inches in diameter; at the bottom it was expanded 
into a cistern-shaped chamber about three and one-half or four 
inches in diameter. It appeared that the burrow had been 
carefully sealed by the animals. Some time later I examined 
the pond when it was almost dry and found no crawfish, but 
plenty of chimneys in various stages of disintegration. At 
about the same time in another pond, which contained more 
water, the crawfish were abundant. About the middle of 
October, 1900, I examined the burrows of C. zmmunis around 
the first pond mentioned above. Some of the burrows had 
chimneys, others were simply open at the top; probably those 
which had no towers were old burrows whose chimneys had 
been disintegrated by the weather. The chimneys were of 
different forms, some being almost regular, while it was evi- 
dent that others were formed simply by the mud being thrown 
out of the burrow. Sometimes the mud appears to be just 
thrown out on one side, then, after a considerable amount of 
material has accumulated, the remainder is thrown out wherever 
convenient, forming an irregularly circular mound one to three 
inches high and six to nine inches across, or sometimes a long 
ridge with the shaft in the middle, the material here being 
thrown out in both directions. Sometimes the work is stopped 
before enough mud has been removed to make it inconvenient 
to throw it all to one side; thus forming a crescent-shaped 
pile. The highest chimneys noticed were about five inches 
high and three inches in diameter at the top. These were 
sometimes much inclined from the perpendicular. On the 
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whole, I think that, for this species at least, the theory of 
Tarr! and Shufeldt,? that the chimney is simply the deposi- 
tion of the material brought up from the burrow, is correct. 
The mud is brought up in very soft condition, and I think that 
even if the burrow were made in the sloping side of a ditch 
there would be little danger of the pellets rolling down, as 
suggested by Abbott ;* in fact I have examined several burrows 


on the sides of ditches, presumably in the same kind of posi- 
tion as those examined by Mr. Abbott, and I have not been 
able to convince myself that anything except the easiest 
method of disposing of material from the burrows could have 
prompted the animal to build chimney-like structures. The 
quantity of material brought up is very considerable, amounting 
in some cases to nearly two hundred cubic inches. 

As suggested above, the accidenta! sealing of the burrows 
would seem to be impossible. I believe that I found the 
“dumps” in enough different stages of construction to war- 
rant the conclusion that the opening through the tower is left 
open until the last, when it is closed by stopping with mud 
brought from below. The opening is thus filled solidly from 
the top, or near the top, to almost the level of the ground, 
where the shaft hgs a concave hemispherical end, which is 
not so smooth as Shufeldt’s* description of the burrow of 
C. diogenes would seem to indicate. And I cannot agree with 
him that the animal might have used the lateral tail fins in 
finishing this off, since I have never seen impressions in the 
mud which would indicate such a method, while there are 
many marks which would indicate that the animal had run the 
ends of the chelz into the soft mud. In at least one case 
which I examined, the burrows had been filled to somewhat 
below the surface of the ground with clay so tightly packed 
that it would seem impossible that it might have fallen in by 
accident. The shaft usually goes straight down, but in some 

1 Tarr, Ralph. Habits of Burrowing Crayfish in the United States, Vature, 
vol. xxx (1884), p. 127. 

2 Shufeldt, R. W. Chapters on the Natural History of the United States. 
New York, 1897. 


8 Abbott, C. C. Are the Chimneys of Burrowing Crayfish Designed? Amer. 
Nat., vol. xviii (1884), p. 1157. * Shufeldt, R. W. Loc. cit. 
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cases may be somewhat sinuous. They are quite deep, one 
being followed down for four feet without reaching the end. 
I am not able to convince myself that there was a ledge 
upon which the animal could rest, as stated by Hubbard? for 
C. argillicola, although in some cases the burrow seemed to be 
expanded in a way which might serve for this purpose. In 
one case examined quite early in the fall, the main shaft went 
straight down ; at a distance of about six inches from the sur- 
face a branch went off at almost right angles and ended 
somewhat higher than it originated about eighteen inches from 
its connection with the main shaft. It might seem that the 
animals do not like to stay down in the bottom of the burrow 
very long, at least early in the fall, since when a small exca- 
vation extending somewhat below the water mark was made in 
one of the burrows the animal came to the top and darted 
back two cr three times when I attempted to catch him, which 
I finally sv. ~ eded in doing. The burrow was left for a few 
minutes and when again examined a medium-sized female had 
crawled out of the water and was standing on the almost 
perpendicular side of the excavation. 


Hay’s? theory, that the burrows of C. diogenes are made to 
escape the dry months of summer, seems undoubtedly the 
explanation for the summer burrowing of this species, while 


of course the purpose of burrows made or enlarged upon the 
approach of winter is evident. It is certain that the burrows 
are not adopted as retreats, while the eggs are being hatched, 
for I have taken the females in the open ponds in the fall, 
apparently soon after the eggs were laid, and they come out 
early in the spring — about March 20—to complete the 
process of hatching the eggs. 
UNIVERSITY OF KANSAS, 
Nov. 10, 1900. 


1 Faxon, Walter. Descriptions of New Species of Cambarus, Proc. Am. Acad. 
Arts and Sci., vol. xx (1884), p. 116. 2 Hay, W. P. Loc. cit. 


ARTIFICIAL INCUBATION OF ALLIGATOR EGGS. 
ALBERT M. REESE. 


THE writer received, about the first of August, 1900, a lot of 
alligator eggs from southern Georgia, and in order to get 
a series of embryos at different stages of development, it 
was necessary to find some means of incubating the eggs 
artificially. 

As is well known, the Florida alligator lays her eggs, about 
thirty in number, in a so-called nest, which she constructs of 
sticks, leaves, earth, etc., on the banks of the pond or stream 
in which she lives. The eggs are laid in the cavity of this 
nest, and are carefully covered and allowed to incubate by the 
heat of the sun. When the young alligators are about ready 
to hatch, they make a curious squeaking noise, which attracts 
the mother’s attention, and she uncovers the eggs so that the 
young alligators may not be smothered in the nest after they 
escape from the eggs. 

The lot of eggs above mentioned was sent by express from 
Georgia to Baltimore, and arrived in good condition, being 
packed in damp leaves and wmus, probably from the native 
nest. Several of the eggs were at once opened, and were 
found to contain living embryos in an advanced state of 
development. 

As the incubator which is ordinarily used for chick eggs 
was not in operation, an attempt was made to imitate nature, 
and the eggs were put into a large bucket of the loosely packed 
humus in which they had been received. Two thermometers 
were thrust into the 4umus, one deep down to the bottom of 
the bucket, and the other near the surface. The whole artifi- 
cial nest was covered with thick cloths and put in the sun to 
warm. Before sunset the nest was brought into a small room 
which could be tightly closed to prevent any very decided fall 
in temperature. The weather was intensely hot at this time, 
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so that no difficulty was experienced in keeping the eggs 
at a sufficiently high temperature. By very careful watching, 
the temperature of the eggs was kept fairly constant, the 
extremes being 32° C. and 40° C. In spite of this care, the 
embryos within the eggs were kept alive only a little over one 
week, and whether they were killed by too great heat, too little 
air, or too great variation in temperature, it was not easy 
to decide. It would seem that in nature the eggs must be 
subjected to a much greater range of temperature than they 
were in this case, so it seemed probable that it was lack of air 
that caused the death of the embryos. 

Towards the end of August a second lot of eggs was 
received, but the contained embryos were in such an advanced 
state of development that most of the eggs were opened and 
the young alligators preserved for anatomical study. When 
the shells were opened the young alligators would wriggle out, 
snapping their little toothless jaws and blinking their eyes, 
although there was still a mass of unabsorbed yolk protruding 
through the abdominal wall as large as a pigeon’s egg. 

A few of these eggs were packed in a small box of damp 
humus, to prevent drying, and were kept in an incubator at a 
temperature of 37° C. On opening the incubator a couple of 
weeks later, curious squeaking sounds were heard coming from 
the inside of the eggs, the sounds which, in nature, tell the 
mother that her young are about ready to hatch and should be 
helped out of the mass of earth and leaves in which they are 
buried. These sounds are audible at a distance of fifteen 
yards or more, so that even when the eggs are buried in the nest 
the parent is probably able to hear the call of her young. The 
next day after the first sound was heard one of the alligators 
broke out of its shell, and a couple of days later two more 
hatched ; the rest of the eggs proved to be infertile. 

During the act of hatching, the young alligators would snap 
at the fingers, or any small object, quite savagely; but after 
finally escaping from the egg they could not be induced to do 
so. The umbilical scar persisted for some time after hatching, 
but gradually disappeared. The alligator is about 20 cm. in 
length when hatched, and that an animal of its bulk should 


No. 411.] INCUBATION OF ALLIGATOR EGGS. 195 


have been‘ contained in so small an egg is quite astonishing. 
These three artificially hatched alligators are now living, in 
apparent good health, in a glass-covered box in the laboratory. 
They are fed, about once a week, on small bits of raw meat 
which are thrown into the shallow pan of water in their box. 
It is probable that had the first lot of eggs been treated as was 
the second lot, the desired stages of development might have 
been obtained. 


JoHNS HopkKINs UNIVERSITY. 
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THE COLORS OF NORTHERN APETALOUS 
FLOWERS. 


JOHN H. LOVELL. 


TueE dicotyledons, which include about two-thirds of flower- 
ing plants, were divided by Jussieu and Enlicher into three 
divisions —the Polypetalz, the Gamopetale, and the Apetalz 
—an arrangement familiar in most of our floras. The highest 
type of a flower, according to De Candolle, was one that had 
all the organs present, but inserted separately upon the recep- 
tacle; for it may be argued, as A. Gray remarks, that fusion is 
an arrest of development, and therefore an indication of low 
rank, or less perfection, than the contrary. Accordingly the 
Polypetalae were placed at the head of the vegetable kingdom. 
The morphological doctrine that the flower is a metamorphosed 
bud or branch, and that the union of its parts marked an upward 
progress, was not made the guiding principle in the arrange- 
ment of plant families in a lineal series until a comparatively 
recent date. The miscelianeous group of dicotyledonous fami- 
lies, known as the Apetalz, were believed to be retrogressive 
or degraded forms derived from both the Polypetalz and Gamo- 
petalz, which had once possessed petals and conspicuous 
flowers. This division, as originally constituted, was made 
the receptacle for families the affinities of which were obscure ; 
and, in the absence of knowledge as to its true position, was 
placed as a sort of appendix after the Gamopetalz. It required 
the united labors of Braun, Hanstein, and Engler to determine 
and place in their proper collocation those families which are 
clearly reductions, and to point out that those remaining 
are not derived from the higher orders, but are primitive in 
character. They are naked blooming, according to Eichler, 
rather than abortive. 

In many of the true apetalous families the perianth has 
remained rudimentary, and in those of lowest rank has never 
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been differentiated into calyx and corolla. It is either want- 
ing, or is represented by a number of small scale-like bodies, 
indefinite in number, sometimes present in the staminate and 
replaced by bracts in the pistillate flowers; or it may be so 
ambiguous as to leave its morphological significance in doubt. 
Gradually in the rise of the flower from its primordial stage 
the perianth becomes more and more important, until in the 
pink family, which occupies an intermediate position, the 
corolla is large and conspicuous. The flowers are very gen- 
erally wind-fertilized, and, as may be observed in the grasses 
and sedges, this is not favorable to the high development of 
the floral envelopes. Mechanical difficulties are also presented 
by the aggregation of the flowers in a dense inflorescence. 
For instance, in the staminate ament of the alder, where the 
calyx is present, I found by actual count in an ament two and 
a half inches long seventy-seven flowers; while in the stami- 
nate ament of the willow (S. discolor), of about half this length, 
there were two hundred and seventy flowers, or seven times as 
many flowers to an inch in length. There is no room for 
a perianth, and the office of protection has been assumed by 
scales and woolly hairs. 

Though the larger part of the families are anemophilous or 
self-fertilized, their coloration is highly interesting as showing 
what colors the bracts and perianth would develop naturally as 
the result of chemical and physical influences, and in a limited 
number of cases the effect upon such flowers of insect visitors 
at a later period. 

Lowest in rank of the choripetalous series stands the order 
of the Piperales, with perfect flowers in slender spikes destitute 
of a perianth, and divided, according as the carpels are sepa- 
rate or distinct, into the Piperaceze and Saururacez. The 
former is a tropical family, but the latter is represented in 
eastern America by Saururus cernuus, lizard’s tail, a name sug- 
gested by the slender spike with drooping apex. The flowers 
are fragrant, with white stamens, and probably attract insects. 

A large number of shrubs and trees have the flowers in 
aments and are frequently referred to as the Amentacee. 
They are widely distributed throughout the temperate and 
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northern regions, and have been developed to endure severe 
climatic conditions. They are or were wind-fertilized, the 
moneecious or dicecious flowers appearing in early spring, when 
there are no leaves to intercept the pollen. 

There are about thirty-five species of the Juglandaceze, which 
include the walnut and hickory, large trees valuable for timber 
and fuel. The flowers are green; the staminate form a long 
drooping ament, while the pistillate are solitary, or few in a 
cluster. The perianth is present in both forms. In Juglans 
there are four narrow petals in the sinuses of the calyx; but 
in Hicoria they are wanting. An abortive ovary rarely occurs 
in the staminate flowers. 

In the Myricacez, or bayberry family, neither the male nor 
female flowers possess a perianth, but its place is taken by 
several bracts near the flower. 

The Salicaceze form a large family confined almost entirely 
to the north temperate and arctic zones. It includes the pop- 
lar andthe willow. The poplar has no perianth, but the recep- 
tacle is extended to form an oblique, cup-shaped disk. In early 
spring the pollen is expelled forcibly a short distance by the 
elastic purple anthers. In the genus Salix so variable are the 
species and so freely do they hybridize that any entirely satis- 
factory treatment from a systematic standpoint is impossible. 
The Swedish botanist Anderson, whose standard monograph, 
published in the Prodromus of De Candolle, was the work of 
nearly twenty-five years, declared that he never saw two speci- 
mens of Salix nigricans, which has one hundred and twenty 
synonyms, that were exactly alike. In Great Britain the num- 
ber of species have been placed all the way from twelve to 
eighty. This genus is exceedingly interesting to the evolu- 
tionary botanist, since it so fully refutes the ancient dogma of 
the constancy of species. Though the flowers were formerly 
anemophilous, they are now fertilized by insects. There is an 
abundance of honey, a sweet perfume, and the bright yellow 
stamens render the bléssoms very conspicuous. As an evi- 
dence of their attractiveness, it may be mentioned that they 
are collected in England for decorative purposes on Palm 
Sunday, and are offered. for sale in New England cities by 
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street flower-venders. In S. candida and S. purpurea the 
anthers are red, and in the former the style is also dark red; 
but usually the anthers are yellow. The scales display con- 
siderable range in coloration; in S. purpurea and several other 
species they are purple; in S. xzgva, yellowish; in S. myrtz/- 
loides, greenish-yellow, capsules reddish-green; in S. wva-ursi 
the scales are rose red at the tip; in S. Aumzlis and S. ¢ristzs, 
dark red or brownish. The twigs also vary much in color; as 
green, white-woolly, yellow, brown, red, crimson, and purple. 
The willows are very attractive to insects and on a warm day 
they may be observed hovering in clouds about the bright yel- 
low sprays of bloom. The pistillate aments are not so con- 
spicuous as the staminate, and in the case of S. dzscolor attract 
a smaller number of visitors. On the flowers of this plant I 
have collected five bees, nine flies, and two beetles. Species 
of Andrena, seeking food for their young, and flies are very 


common. 

The inflorescence of the Betulacez, birch family, is ane- 
mophilous, and usually moneecious’ There is no corolla. In 
Carpinus, Ostrya, and Corylus the calyx is present in the pis- 


tillate flowers but wanting in the staminate; conversely, in 
Betula and Alnus the staminate flowers have a calyx and the 
pistillate have not. Originally the calyx was doubtless present 
in both forms. Its presence or absence in the one sex or the 
other of the different genera has been largely influenced by 
mechanical conditions. In the fertile flowers of the hornbeam, 
hop-hornbeam, and the hazel there are but few blossoms in the 
capitate inflorescence, while the sterile flowers are more densely 
aggregated. An opposite condition prevails in the birch and 
alder, where, though both kinds of aments contain numerous 
flowers, they are more densely aggregated in the fertile than in 
the sterile. Where declinic flowers are solitary, or few in a 
cluster, as in Fagus, Castanea, Asparagus, and Rzbes nigrum, 
both forms possess a perianth. The hazel (Corylus) derives its 
English name from the color of the nuts, as “in hue as hazel- 
nuts,’ Shakespeare, Taming of the Shrew, 11, 1.1 The stami- 
nate aments are yellow, and in autumn the leaves also become 


1 Enc. Brit., vol. xi, p. 548. 
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a handsome yellow. The thread-like stigmas of the pistillate 
are bright scarlet. In C. purpurea the leaves, husk, and pellicle 
of the kernel are purple. The hornbeam has the anthers pale 
yellow and the inner bark yields a yellow dye. In the genus 
Betula the flowers are greenish-yellow and the leaves are a pale 
yellow in spring and a bright yellow in autumn. The aments 
of Alnus are a reddish-brown, and the leaves turn to a dull dark 
brown. The styles, as a rule, in early flowering spring plants 
are crimson, a coloring which, by converting light rays into heat, 
favors the growth of the pollen tubes. In several instances I 
have seen the male flowers of A/nus tncana visited by the honey- 
bee for pollen. Miiller states that he has seen numerous honey- 
bees collecting pollen on the male flowers of the European 
species of hazel (Corylus avellana). 

In the Fagacez, or beech family, there are no petals, but the 
calyx is present in both kinds of flowers. In the beech, one 
of our handsomest trees, the greenish-yellow calyx is bell- 
shaped, 5—8-cleft in the staminate, but 6-lobed in the pistillate 
flowers. The inflorescence is in small clusters. In the chest- 
nut (Castanea dentata) the flowers are exceedingly abundant 
and give a yellowish tinge to the whole tree. The staminate 
flowers may contain an abortive ovary and the pistillate five to 
twelve abortive stamens; the former are in aments, the latter 
clustered several in an involucre. The flowers of the oak are 
greenish, sometimes reddish, as well as the scales of the invo- 
lucre and the leaves in autumn. The species of Quercus are 
exceedingly variable. Of Q. robur there are twenty-eight varie- 
ties, while several other species have from eight to ten. No 
sharp line of demarcation is possible, as they grade into each 
other by many intermediate forms. At the time of his revi- 
sion of the family De Candolle wrote, “It is difficult to believe 
that above one-third of the actual species in botanical works 
will remain unchanged.” The wood of the Fagacez is com- 
monly brown or reddish-brown, the inner bark of Quercus velu- 
tina (tinctoria) is orange and yields a yellow dye. 

It has been shown that the scales and perianth of the Amen- - 
taceze present a wide range of coloring, including nearly every 
hue save blue. If the flowers were once entomophilous, as 
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has been maintained, and are the result of extensive degenera- 
tion, then these colors may be the relics of an earlier higher 
stage. But if the perianth has always remained rudimentary, 
and the form of the inflorescence has been developed in con- 
nection with wind-fertilization, then the coloring is due largely 
to chemical and physical conditions. It is desirable to con- 
sider briefly the origin of the ament, for which the Fagacez 
present special advantages. The ament, though frequently 
referred to as a spike, is in reality a contracted panicle. It is 
composed of clusters of flowers with a common involucre 
arranged around a central axis or rachis, and is, consequently, 
a branch system with the lateral axes of the first and second 
order, which would bear solitary flowers, aborted or eliminated. 
In the oak the female flower still remains solitary, and with 
the involucre of many bracts represents a non-developed 
branch; further steps are presented by the beech with two 
flowers, and the chestnut with several in an involucre. The 
association of these clusters along a common rachis would pro- 
duce an ament, the production of which is the result of con- 
traction and concentration, of elimination of axes, and arrested 
development. There is no evidence that the perianth was ever 
large arid well developed. The primitive flowers were probably 
perfect and possessed a simple and undifferentiated perianth, 
which in certain genera has been wholly or in part replaced by 
bracts or scales. The Piperales are reguiarly perfect, and rudi- 
mentary ovaries and stamens are of frequent occurrence in the 
Amentacez, especially in the Fagaceze. The causes which 
have led to the separation of the sexes are still involved in 
much obscurity, though it is well known that nutrition and 
climate influence differently the stamens and pistils. It is 
evident, however, as Darwin has remarked, that cross-fertiliza- 
tion must have been assured before the flowers became declinic, 
since otherwise the species would have perished. When the 
antiquity of these families, their wide geographical distribution, 
the vast number of individuals, — in the case of the birch form- 
ing vast forests in Russia, — as well as their floral structure, are 
considered, there seems no reason to suppose that the flowers 
were ever entomophilous and conspicuous. 


‘ 


No. 411.] NORTHERN APETALOUS FLOWERS. 203 


The order of Urticales does not show any advance in the 
structure of its flowers over the Fagales. The order is a 
large one, comprising some fifteen hundred species, distributed 
chiefly through tropical regions. The flowers are small, in 
inconspicuous spicate or axillary clusters, greenish, and ane- 
mophilous. In Ulmus (elm), of the Ulmacez, the flowers are a 
reddish-purple, and the wood of U. fulva is reddish also. The 
Moracez, mulberry family, is composed of trees and shrubs 
with milky juice. The flowers are greenish, but in fruiting 
the calyx or receptacle becomes fleshy and bright-colored ; in 
Morus, red-purple and white; in Toxylon, yellowish-green ; 
and in Broussonetia the drupes are red. Of the tropical genus 
Ficus there are six hundred species, three of which occur 
in the Southern States. Its manner of fertilization has been 
the subject of much discussion. The hollow, pear-shaped 
receptacle is lined with male and female flowers, and _pollina- 
tion is effected by small wasps, which force their way into the 
_ cavity forthe purpose of depositing their eggs. In fruit the 
enlarged receptacle becomes deep purple, purplish-red, orange, 
yellow, and whitish, and is eagerly devoured by birds, espe- 
cially parrots. The greenish fruiting bracts and achenes of 
Humplus lupulus (hop) bear numerous yellow glands from s15 
to =|, inch in diameter. When fresh they are filled with a 
yellow liquid containing wax and resins and a bitter-tonic 
medicinal principle called /upulin. About one ounce may be 
obtained from one pound of hops. These glands doubtless 
protect the flowers from attacks of aphides. Glandular-leaved 
peach and nectarine trees are less subject to curl, to mildew, 
and to the attacks of aphides than the non-glandular (Darwin, 
Animals and Plants under Domestication, Vol. I, p. 364). The 
hop in some years is attacked by vast numbers of Aphis humult, 
and is also subject to blight from a parasitic fungus. The 
flowers of the nettle family are green, wind-fertilized, and the 
polien is scattered by the explosion of the anthers. 

The order Santalales includes about seven hundred and fifty 
species, which are most abundant in tropical regions, only six 
species being found in the Northern States. The two northern 
species of the Loranthacez, mistletoe family, are parasitic 
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plants which contain chlorophyll, and are yellowish or brown- 
ish green. Tropical species of Loranthus produce magnificent 
flowers 10-20 cm. in diameter and display most gorgeous 
orange and purple colors. The flowers of the Santalacez, 
sandalwood family, are perfect, the calyx is greenish-white 
or purplish, and at least one species in Europe has been seen 
to be visited by the honey-bee. 

The colors of the Balanophoracez, a tropical family parasitic 
on the roots of forest trees, which belongs also to this order, 
are of much interest. The plants, of which there are about 
forty species, resemble fungi, such as toadstools, producing 
flowers. They were, according to Kerner, made the subject 
of many fanciful speculations by the nature-philosophers, by 
whom they were considered as “in the position of a hiero- 
glyphic key between two worlds.” The entire plant of the 
American genus Langsdorffia is pale yellowish or, in the case 
of the scales, waxen yellow, orange, or red. The genus Bala- 
nophora occurs in the eastern hemisphere and is vividly 
colored a deep yellow, red, or purple. In Helosis the floral 
spadix is purple or blood-red; in Coryn@a turdici, which lives 
on the roots of Peruvian-bark trees, the purple spadix is sup- 
ported by a white shaft. The coloring of the inflorescence of 
Lophophytum leandri “ cannot be exceeded,” says Kerner, “ in 
variety, its rachis being pale reddish-violet, the bract scales 
gamboge, the ovary yellowish, the styles red, and the ovaries 
white.” The entire plant of Sarcophyte sanguinea from the 
Cape of Good Hope presents a most striking appearance, 
owing to the blood-red coloring of all its parts. 

The flowers of the Aristolochiacez, or birthroot family, are 
adapted to Diptera, especially to small gnats. The calyx is 
highly specialized and in Aristolochia, familiar in A. szpho, 
Dutchman’s pipe of cultivation, is prolonged into a tube with 
a contracted throat, either straight or shaped like the letter 5S, 
which is set on the inside with reflexed hairs. Flies can creep 
inside easily, but when they attempt to escape they are pre- 
vented by the hairs, which form an impassable grating. As soon 
as the anthers have dehisced, the hairs wither, the calyx shrivels, 
and the imprisoned insects are set free. The mechanism 
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of Aristolochia, which was first studied by Sprengel, ‘was 
long,” says Miiller, “the only example known of a temporary 
prison for insects.” Progressive steps toward this structure 
are presented by Asarum and Heterotropa. The flowers of 
Aristolochia are lurid purple, with a yellowish-green tube; the 
tube of Asarum is greenish or brown-purple, puberulent with 
purple hairs; or in A. macranthum the tube is mottled with 
violet within. According to Kerner, South American species 
of Aristolochia are of immense size and are used as caps by 
children at play; in color they are a combination of cream and 
deep maroon purple. Purplish coloring of bracts and sepals is 
of so common occurrence, even, extending to the whole plant, 
that in this family it has doubtless been developed directly 
from the primitive green without passing through any inter- 
mediate stage. The flowers should be compared with the 
pitcher-like leaves of Sarracenia and the spathes of Arum, as 
all three serve as traps for small flies and are lurid purple, a 
color probably attractive to these insects. Rudimentary petals 
occur in Asarum canadense. 

The flowers of the Polygonacez, or buckwheat family, are 
devoid of petals and are wind-fertilized, as in Rumex, or au- 
togamous or entomophilous, as in Polygonum. In the genus 
Eriogonum, growing west of the Mississippi, the campanulate 
calyx is usually yellowish or white, sometimes changing to 
pink. The calyx of Rumex (sorrel) is small. and commonly 
green, but in R. venosus it is red, and the fertile panicles of 
R. acetosella turn reddish; but the achenes, or fruit, are usu- 
ally red, and frequently the stems and leaves, as in R. san- 
guinea, Red butterflies, which are attracted by red coloration, 
were often seen by Miiller in the Alps seated upon the plants 
when in seed, and a species of Halictus was observed fre- 
quently collecting pollen. The plants of the Polygonacez 
tend to develop red rather than yellow coloration; but in 
Rumex persicariotdes (golden dock) the fruiting calyx becomes 
orange-colored, and the roots of several species of dock are 
yellow. 

Of the thirty-eight species of the genus Polygonum (knot- 
weed) ten are white, ten red, three purple, and fifteen green. 
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Conspicuousness is gained by the union of the flowers in axil- 
lary or terminal clusters. The green flowers are very small, 
odorless and honeyless, and self-fertilized. The white and red 
are more conspicuous, may contain honey, and are visited by 
few or numerous insects; for instance, P. persicaria has a 
white or red calyx, secretes honey sparingly, and is visited by 
many flies and small bees. The species of this genus most 
excellently illustrate the successive steps by which a green 
perianth may become conspicuous. In the common door-weed 
(P. aviculare) the margins of the sepals are white, turning 
pink, while the centers remain green. The flowers are self- 
fertilized, but are occasionally visited by flies. In P. convol- 
vulus the two inner divisions of the perianth are entirely white, 
but the outer are keeled with green; the calyx of P. virgint- 
anum is usually green, tinged or tipped with white; P. fersz- 
carta has in the same spike green, white, and red flowers; 
while P. orientale, cultivated from India, has large, bright rose- 
colored flowers. In the case of the familiar buckwheat (Fago- 
pyrum fagopyrum) the waving fields of white bloom are very 
conspicuous. The dimorphic flowers possess perfume, and 
insects manifest special preference for the honey; in Germany 
Miiller has enumerated forty-one visitors, of which twelve are 
bees. Cross-fertilization is insured and self-fertilization ren- 
dered difficult. The marked tendency of both the vegetative 
and floral organs in this family to develop reddish coloration is 
evidently due to bright sunlight and the chemical constitution 
of the sap, for the Alpine bistort (P. vzvzparum) of the White 
Mountains often has little red bulblets in place of the flesh- 
coiored flowers. In P. scandans and P. dumetorum the calyx 
is yellowish-green. 

The Chenopodiacez is a large family consisting chiefly of 
herbs of a homely aspect. To it belong the garden beet and 
the pot-herb spinach. The green flowers are very small, usu- 
ally clustered, and in many species unisexual. The calyx is 
usually present, but is wanting in the pistillate forms of some 
genera. As in the Polygonacez, certain species show a tend- 
ency to develop red coloration; Chenopodium rubrum has a 
red calyx, and the inflorescence of C. a/bum often turns reddish 
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in autumn, as well as the stem. In Biitum capitatum (straw- 
berry blite) the reddish calyx becomes bright red and juicy in 
fruit, the globular, axillary heads resembling a strawberry ; in 
Salicornia herbacea the whole plant turns bright red in autumn, 
“forming vividly covered areas in the salt marshes, hence 
called Marsh samphire.’ The large converging lobes of 
Salsola kali become rose-colored, and the leaves and outer 
branches of S. ¢vagus also turn bright red at maturity. Many 
of the species are halophytes, most abundant by the sea and in 
the salt marshes of Central Asia and in the basin of the Great 
Salt Lake of Utah. The pollen is dust-like and the flowers 
are anemophilous, or autogamous, though rarely visited by 
pollen-eating flies. Dondia americana has purple-green sepals. 

The red coloration noticed in the two preceding families is 
also highly developed in the Amaranthacez. This is not so 
much observable in our native species as in cultivated forms. 
The foliage of the ornamental Amaranthus is richly variegated 
with deep red, yellow, and green, and the flowers are dark red. 
In Amaranthus hypochondriacus from Mexico the entire plant 
is tinged with red; while the whole plant of A. melancholicus 
from eastern Asia is purplish. The crests of the flowers of 
Celosta cristata (cockscomb) from India are rose, crimson, yel- 
low, and white; in Gomphrena globosa (globe amaranth) the 
dense round heads are crimson, orange, purple, and white. 
In this family the sepals are separate, or united at base, or in 
Froelichia form a tube. 

In the Nyctaginacez (four-o’clock family) the calyx is cam- 
panulate or salver-form, corolla-like, with a deciduous limb. 
The involucre resembles a calyx. The flowers are entomoph- 
ilous and mostly pink or red in northern species; but in 
Abronia fragrans the slender flowers are white, fragrant, open- 
ening at night and adapted to nocturnal Lepidoptera. Florists 
offer yellow, white, and red varieties of Wiradbzlis jalapa. The 
sweet-scented J. longiflora is white, with a tube 15 cm. in 
length and adapted to night-flying Lepidoptera. The limb 
stands edgewise and is designed to render the flower more 
conspicuous in the evening and not as a landing place for 
insects. 
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The Portulacee and Caryophyllacez usually possess a 
corolla, though it is sometimes wanting. The colors of the 
flowers of the Portulacez are white, yellow, and red. Portu- 
lacea oleracea, which, Warner fitly remarks in his charming 
essays on gardening, ‘“ grows with all the confidence of youth 
and skill of old age,” has yellow flowers and red stems; 
P. pilosa has red flowers, and the intermediate stages between 
red and yellow are shown by the cultivated P. grandiflora. In 
this latter species the white flowers have green stems, and the 
yellow and red flowers red stems. 

In the Caryophyllacez, a large family of some fifteen hun- 
dred species, there are in the Northern States fifty-six white, 
twenty-two red, two purple, and eight green flowers. The 
green flowers are apetalous. Both the green and smaller 
white-flowered species are low, tufted, weak herbs of a spread- 
ing or ascending habit, represented by the chickweeds and 
sandworts. The flowers are solitary or, at least, not densely 
clustered, and usually white, or in Spergularia reddish. The 
honey is freely exposed and the pollinators are chiefly flies, 
beetles, and the smaller bees, such as Andrena and Halictus. 
Certain species are visited also by butterflies and moths and 
by the cosmopolitan honey-bee. I have never observed and 
have been unable to find any record in the works of Miiller 
and Knuth of the visits of bumblebees. Many of the species 
are dichogamous, but self-fertilization is always possible. The 
chickweed (A/stne (Stellaria) media), so widely distributed as 
a garden weed, may be taken as a representative species. 
The individual flowers are quite inconspicuous, but they are 
numerous and, in contrast with the green foliage leaves, can be 
seen at a considerable distance. I found on trial that a flower 
could be distinctly seen at a distance of twenty-five feet ; but 
after removing the petals it was visible only about four feet. 
The plants blossom throughout the entire year, except when 
prevented by severe weather, and in early spring and late 
fall, when there are few other flowers in bloom, are very fre- 
quently visited by flies. In April, Miiller collected in Germany 
six of the less specialized bees and four Diptera, and in the 
middle of October I collected in Maine five species of Diptera 
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and Andrena. The honey is abundant. In winter the flowers 
fertilize themselves. The white petals in these genera may in 
part be due to the non-formation of chlorophyll, and in part to 
the selective influence of the visitors in choosing the more con- 
spicuous flowers. Insects have also probably aided in the preser- 
vation of the petals, for in certain species of Alsine and Sagina 
they are sometimes present and in other instances are wanting. 

The pinks proper, or Silenez, exhibit a wonderful variety of 
red shades, varying from white, through rose, pink, and deep 
red, to scarlet and crimson. The petals may be dotted or 
marbled with white, with a white center, surrounded with a 
purple ring, as in Déanthus deltotdes. The corolla is often 
notched or fringed and surmounted by a corona of scales. 
The perfume is aromatic, and the honey is deeply concealed. 
The red flowers are very attractive to butterflies, which are the 
chief visitors, while the white species are adapted to night- 
flying Lepidoptera. The following table, prepared from Miiller’s 
Alpenblumen and Knuth’s Handbuch der Blitenbiologie, shows 
the importance of butterflies as fertilizers of red flowers. 


VISITORS TO RED-FLOWERED SPECIES. 


LENGTH OF TURE 
MILLIMETERS. 


| BUTTERFLIES. 
MILLERs. 

| HYMENOPTERA. 
DIPTERA. 
COLEOPTERA. 


Silene acaulis . 
Lychnis flos Jovis 
L. ruba . 


Saponaria ocymoides 


Dianthus sylvestris . 
D. atrorubens . 

D. deltoides 

D. carthusianorum . 


The carmine flowers of Sz/ene acaulis, which grows in 
the higher Alps, are so frequently visited by butterflies that 
the power of self-fertilization has been nearly lost. Both the 
species of Lychnis have bright red, beautiful flowers and 
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attract many butterflies. The handsome red flowers of Safo- 
naria ocymotdes are very abundant on sunny slepes in sub- 
alpine regions and are sought by twenty-eight species of 
butterflies. The species of Dianthus have the calyx tube so 
long and narrow that the honey can be reached only by 
Lepidoptera. The flowers are rose or dark red, elegantly 
marked, of large size and great beauty. The association of 
bright red coloration with a slender calycine tube and fertiliza- 
tion by butterflies is not a coincidence, for throughout the 
Caryophyllacez in proportion as the flowers increase in 
conspicuousness the power of self-fertilization is lost. 

« As the honey gets more deeply concealed and access more 
directly limited to butterflies, we find,’ says Miiller, “parz 
passu among the Caryophyllaceze increasing development of 
sweet scents, bright red colors, fine markings round the 
entrance of the flower, and indentations at the circumference. 
All these characters which are so attractive to us seem to have 
been produced by the similar tastes of butterflies.” This view 
is much strengthened when it is considered that the nocturnal 
flowers of the genera are white, and without ‘variegation. 
Saponaria officinalis is pale pink, or, on expanding, white, with 
the perfume strongest in the evening; Sz/ene nutans, S. nocti- 
fiora, and Lychnis alba all have white or pale pink flowers and 
are visited by night-flying Lepidoptera. Since red is invisible 
at night, while white is conspicuous, it is evident that the 
former color would be disadvantageous to nocturnal flowers. 
Originally the flowers of these genera were probably pale pink 
or whitish, as in Gypsophila, where they are small, reddish, the 
tube short, the honey fully exposed, and the visitors a miscella- 
neous company of flies, bees, and Lepidoptera. A part of 
the species became adapted to butterflies and a part to moths ; 
no new colors were developed, but the red and white were dif- 
ferentiated. The sexual markings of butterflies show that they 
are in a very high degree color-loving insects, and while they 
visit flowers of all colors they certainly prefer bright hues to 
dull, and as with rare exceptions butterfly flowers are red, it is 
probable that they find this color most attractive. 

Under cultivation the pinks have proved susceptible of great 
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improvement, and numberless splendid varieties have been pro- 
duced of every shade of, red, dotted and striped, or marbled 
and angled with white. In Dzanthus barbatus (the sweet- 
william) white and two different shades of red florets may 
occur in the same fascicle, the white turning pink with age. 
Florists also offer pure white and yellow forms, and white and 
yellow varieties bordered with red or purple. Yellow, which 
is well shown in Dianthus, is a comparatively rare color in the 
Caryophyllacez. 


THE Cotors oF NORTHERN APETALOUS FLOWERS. 


ORDERS. FaMILIEs. 


GREEN OR 
Dutt 
YELLow. 
PuRPLE 


| WHITE. 


Piperales. . . . | Saururacee . 
Juglandales. . .| Juglandacex 
§ Myricacez 
| Leitneriaceze 
Salicales . . . .j| Salicacez 
| Betulaceze 
| | Fagacee . 
( Ulmacez 
Urticales . . Moracez . 
( Urticacez 
| § Loranthacez 
USantalacez . 
Aristolochiales . . | <Aristolochiacez 
Polygonales. . .| Polygonaceze 
| Chenopodiaceze 
Amaranthacee . 
Phytolaccacee . 
Chenopodiales . . |< Nyctaginacez . 
Aizoacee 
Portulacacez 
Caryophyllacee .| 8 


rs) 


Myricales . 


Cwm & 


Fagales 


Santalales 


CAN WN 


Dw 


nb 


SUMMARY. 
1. The apetalous Choripetale (Saururacez-Aizoacez) are 
of primitive character; and are, or were, autogamous or ane- 
mophilous. In the formation of the dense inflorescence 
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characteristic of many genera there has been much contraction 
attended by the elimination of axes, leaves, bracts, and even 
of the perianth, but the flowers are not degraded entomoph- 
ilous forms. Consequently, when the flowers possess bright 
colors they are not the relics of a higher stage of coloration 
developed by the selective tastes of insects, but are due to the 
chemical constitution of the nutritive fluids and the action of 
light and heat. 

2. The absence of blue is noteworthy. Yellow is not com- 
mon, but is well shown in the scales and calyx of Betula. The 
inner side of the calyx of Mollugo vertictllata is whitish, and 
in Polygonum the margins or entire calyx is white. Red is 
very common and occurs in many genera. Purplish flowers 
also occur, as Sesuvium maritimum. There is evidence derived 
from this group of families that if anthophilous insects were 
devoid of color sense, they still would have developed white, 
yellow, red, and purple flowers, though they would be less 
frequent and of duller shades. 

3. A number of genera have become entomophilous, and 
this change in the manner of fertilization has been attended 
by an increased conspicuousness of the flowers. The anthers 
of Salix, formerly a wind-fertilized genus, have become a 
brighter yellow; in Aristolochia and Asarum the calyx is a 
lurid purple attractive to small Diptera; and in Polygonum 
and several other genera clear white or deep red. Insects 
have not in these instances produced new colors, but have 
intensified those already partially developed. 

4. Petals are usually present in the Portulaceze and Caryo- 
phyllacez, and are white, yellow, red, or purple. The smaller 
white flowers of the Caryophyllacez are visited by flies, beetles, 
and the short-tongued bees, which may have aided in the pres- 
ervation of the petals and in rendering them a clearer white. 
The larger red and white flowers are correlated with the visits 
of Lepidoptera; the red species with butterflies, the white 
nocturnal forms with moths. 
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PREHISTORIC WORKSHOPS AT MT. KINEO, 
MAINE. 


Cc. C. WILLOUGHBY. 


THE porphyritic felsite of Mt. Kineo, Moosehead Lake, was 
one of the chief minerals used for the manufacture of chipped 
implements by the tribes of central and southern Maine. Chips 
and broken implements of this stone were found in nearly all 
of the camp sites and shell heaps which I have examined in 
that state. The oldest New England people of whom we 
have knowledge, and whose art remains were taken from the 
very ancient graves explored by me in Hancock County, Maine, 
in 1892-94, used knives of this 
mineral. 

Although erratic bowlders of 
this stone furnished a limited sup- 


ply of material, the chief source 
was the great cliff of Kineo. 7 
The southern side of this moun- Fic. 1. — Sketch showing approximate cross- 


Z 


section of Mt. Kineo; a, talus slope. 


tain is a mile or more in length 

and rises nearly perpendicularly to a height of several hun- 
dred feet. Its opposite side slopes gradually to the wooded 
plain forming the northern portion of the peninsula. 

In connection with other archzological work in Maine car- 
ried on under the auspices of the Peabody Museum of Harvard 
University, the writer made two visits to Mt. Kineo, for the 
purpose of locating Indian workshops and learning the manner 
in which the rock was quarried or otherwise obtained. 

The talus slope at the foot of the great cliff of Kineo 
(Fig. 1, a) is from two hundred to three hundred feet in width and 
extends the entire length of the mountain. Patches of ever- 
greens interspersed with deciduous trees are growing near its 
base, but its surface is practically free from soil. The slope 
of the talus is composed of comparatively small fragments 
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intermixed with larger masses of the rock. This talus is 
constantly forming, and the colored patches along the face 
of the cliff mark the places from which masses of felsite have 
recently fallen, which are shattered as they strike the rocks 
below, and the larger pieces rolling down the slope are chipped 
and broken into innumerable forms. The recently fractured 
pieces are easily distinguished from those which have been 
long exposed to the action of the atmosphere. The fresh frac- 
ture presents a green surface sprinkled with small dots and 
squares of gray feldspar crystals. Upon long exposure the 
surface becomes a uni- 
form dirty gray. Upon 
this slope one can gather 
bushels of chips, flakes, 
and pseudo-implements 
wholly the work of 
nature, which, if placed 
unlabeled on the shelves 
of a museum, would be 
accepted without ques- 
tion as the work of man. 
For comparison a series 
of these natural forms is 
shown with an equal 
number from Indian 
workshops at a distance 
Fic. 2.— Sketch map of Mt. Kineo and vicinity, showing from the mountain. In 
location of Indian workshops. R 

selecting the natural 
forms care was taken to include only those lying on the sur- 
face near the top of the talus and having the green color 
indicating freshly fractured stone. Only a few of the many 
examples collected are shown. The natural forms are illus- 
trated on Pl. I, g to 2 The artificial forms from the workshops 
are shown upon the same plate, ato f. Typical artificial chips 
showing the “bulb of percussion” are seen in ¢ and f, while 4 
and / show natural chips having corresponding bulbs. These 
“bulbs of percussion’’ are generally accepted as conclusive 
evidence of the artificial origin of such flakes. 
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At points at the lower edge of the talus slope and in several 
places on the low peninsula south of the mountain were indica- 
tions of former occupancy bythe Indians. Chips and rejectage 
occurred in many places, but the principal workshops were 
located at the points indicated upon the sketch map (Fig. 2). 
Workshops I and 2, near the eastern and western ends of the 
cliff, were evidently the principal blocking-out shops. These, 
being near the water, had unfortunately been disturbed and 
partially destroyed by the waters raised by damming. A large 
amount of chips and general shop refuse was found at the 
eastern shop (1). Large discarded worked nodules lay in beds 
of chips. Ashes and charcoal occurred at intervals. A few 
hammer stones were found, all of felsite. The rejectage of 
this shop indicated principally the production of large imple- 
ments. Very few nearly completed implements were found. 

Workshops 3 and 4 differed principally from those at the 
foot of the talus in the size of the rejectage. Both had been 
somewhat disturbed by the damming of the outlet of the lake 
and the consequent washing away of portions of the shore. 
Workshop 4 had been nearly obliterated, but the abundance 
of refuse along the beach showed the types of implements 
- manufactured there. In both these workshops medium and 
small “turtlebacks ’’ predominated. 

The ruder forms of rejects collected from the different 
workshops are illustrated upon Pl. II, ato e. These occurred 
in great abundance, the larger examples being nearly all from 
the shops at the foot of the talus slope. Types of the second- 
ary forms are shown on PI. III, eto %. These were much less 
abundant than the ruder forms. The largest specimen, 2, 
measuring eighteen inches in length, was found by Mr. L. L. 
Hubbard in workshop 3, and presented by him to the Peabody 
Museum. 

Comparatively few implements broken in the last stages of 
formation were found. The lengths of the perfect examples 
of which these were a part would range from about three inches 
to ten inches. Unbroken finished or nearly finished imple- 
ments were very rare. They were of the types shown upon 
Pl. III, to d. 
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I’ could find no evidence that the rock used was detached 
from the main mass by the Indians. The material was evi- 
dently taken from the talus, fractured pieces being selected of 
the size and form most readily chipped into the implement 
desired. 

That most of the products of the Kineo workshops were 
intended for transportation and to be finished at a distance is 
evident not only from the workshop refuse itself but from the 
chips and more highly specialized forms of this material, both 
broken and perfect, which are found in nearly all the burial 
places, village and camp sites which I have examined in central 
and southern Maine. Small chips of Kineo felsite are very 
abundant in nearly all the village sites in the valleys of the 
Kennebec and Penobscot rivers and their tributaries, and also 
in the camp sites and shell heaps of the inlets, smaller rivers, 
and islands along the coast between these rivers, and for some 
distance east of the Penobscot and west of the Kennebec. 
The broken or discarded implements found in company with 
the chips in these places are more commonly small knives and 


projectile points of various forms, together with scrapers and 
perforators, types common in most prehistoric Indian village 
sites, but absent or only occasionally found at the Kineo 
workshops. 


PEABODY MUSEUM OF AMERICAN 
ARCH-EOLOGY AND ETHNOLOGY, 
Cambridge, Mass. 
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PLATE II.— Chipped nodules (rejects) from Indian workshops, Mt. Kineo, Maine. 
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REVIEWS OF RECENT LITERATURE. 
ZOOLOGY. 


Two Important Papers on North-American Mammals. — The 
literature relating to recent work on North-American mammals is so 
scattered, and the results have been the outcome of investigations 
by such a number of different workers, and based on such varying 
amounts of material, that it is a great gain when a competent author- 
ity on any given group can go over it and coordinate the efforts of 
his predecessors in the light of, practically, all of their material, 
combined with a vast amount in addition. In other words, the 
monographic revision of any of the larger genera of North-American 
mammals by an expert is a distinct advance, for which all mammalo- 
gists may well feel grateful. It is with pleasure, therefore, that we 
call attention to two recent contributions of this character — Mr. 
Vernon Bailey’s “ Revision of American Voles of the Genus Micro- 
tus,” and Mr. W. H. Osgood’s “ Revision of the Pocket Mice of the 
Genus Perognathus.” 

Mr. Bailey’s revision’ of the American voles, or meadow mice, is 
‘based on a study of between five thousand and six thousand speci- 
mens from more than eight hundred localities, including types or 
topotypes of every recognized species with a known type locality, 
and also types or topotypes of most of the species placed in syn- 
onymy.” With such material at command, and with a wide experi- 
ence with the animals in life, and personal knowledge of the actual 
conditions of environment over a large part of the range of the group, 
Mr. Bailey has had peculiar advantages for his work, and his results 
are subject to revision only at points where materia! is still deficient, 
or from some other point of view. This revision, while obviously 
not final, presents a new starting point for future workers, and is 
likely to be a standard for many long years to come. 

The little animals here treated are the short-tailed field mice, 

1 Revision of American Voles of the Genus Microtus. By Vernon Bailey, 
Chief Field Naturalist, Division of Biological Survey, U. S. Department of Agri- 
culture. Prepared under the direction of Dr. C. Hart Merriam, Chief of the 
Division. North American Fauna, No. 17, pp. 1-88, with 5 plates and 17 text- 
figures. Issued June 6, 1900. 
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familiarly typified by our common “meadow mice” of the Eastern 
States. The group is divisible into several well-marked subgenera, 
formerly generally known under the generic term “ Arvicola,” which 
has had to give way to the less known but older term “ Microtus.” 
The group is especially distinctive of the northern hemisphere north 
of the tropics, and is found throughout North America from the 
mountains of Guatemala and southern Mexico northward, increasing 
numerically, both in species and individuals, from the south north- 
ward till it reaches its greatest abundance in the middle and colder 
temperate zones, again declining thence northward to the Arctic 
coast. They are vegetable feeders, and often do considerable dam- 
age to trees and crops; they are active in the winter, forming long 
burrows or tunnels under the snow; they are also very prolific, breed- 
ing several times a year, young being found throughout the warmer 
months. 

The seventy species and subspecies recognized by Mr. Bailey are 
arranged in nine subgenera; between the extreme forms the differ- 
ences are strongly marked, but the intermediate forms present grad- 
ual stages of intergradation. The subgenus Neofiber, of Florida, 
embracing the round-tailed muskrat, and the subgenus Lagurus, of 
the semi-arid districts of the northwestern United States, present the 
most striking contrast, not only in size but in many other features. 


The former is perhaps the largest known vole, while the latter group 
includes the smallest. 


Mr. Bailey’s paper, being a synopsis rather than a monograph, 
leaves much to be desired in: point of detail, but is admirable in its 
way, and covers the ground with as much fullness as his prescribed 
limits would permit. Of the twenty-six synonyms cited, it is notice- 
able that thirteen relate to our common eastern meadow mouse, and 
date from the early authors, while two other eastern species furnish 
three others, also of early date. Only six of the remaining ten are 
of recent date, showing that of some fifty-five forms described within 
the last ten years, by nine different authors, forty-eight meet with 
Mr. Bailey’s approval. Four of the remaining seven are identified 
with earlier names which for many years have been considered 
indeterminable, but which Mr. Bailey claims to have established on 
the basis of topotypes. 

While he may be correct in these determinations, it would have 
been of interest to his fellow-specialists if he had stated the basis of 
his determination of certain type localities, notably those of Richard- 
son’s species, described as from the “‘ Rocky Mountains,” or similarly 
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vague localities. If he has some “inside history ” to fall back upon, 
it is only fair that the secret should be made public. 

It may be said further, in the way of gentle criticism, that it is 
hardly fair wholly to ignore such knotty points as the allocation of a 
few names which he omits, since they form part of the literature 
of the subject, as, for example, Wypudeus ochrogaster Wagner, Arvi- 
cola noveboracensis Richardson, and some of Rafinesque’s names. 
Mr. Bailey describes as new two species and one subspecies. 

Mr. Osgood’s “ Revision of the Pocket Mice”? is an equally wel- 
come contribution, and has been prepared upon much the same lines, 
with equal advantages in the way of material and field experience. 
The pocket mice of the genus Perognathus are confined to a limited 
portion of North America, being found only west of the Mississippi, 
and ranging from the southern border of British Columbia south to 
the valley of Mexico. They are strictly nocturnal and live in bur- 
rows, are partial to arid regions and seem to thrive even in the most 
barren deserts. ‘Their habits are hence not well known, as they are 
very shy and even difficult to trap. They are mouse-like in form, but 
only distantly related to the true rats and mice. Their most obvious 
character is the possession of cheek pouches which open externally. 

The pocket mice vary greatly in size, form, and in the nature of 
their pelage, which may be either soft or hispid ; but between the 
wide extremes there are so many closely connecting links that it is 
difficult to find any sharp lines of division, although two subgenera 
are fairly recognizable. The whole number of forms here recognized 
is 52 — 31 species and 21 additional subspecies, about equally divided 
between the subgenera Perognathus and Chetodipus. Of these, 
thirteen are here for the first time described. Out of a total of 61 
specific and subspecific names applied to forms of this group, 9 
are relegated to synonymy. Of these 61 names, it is interesting to 
note that 52 date from 188g or later, and that of these, eight prove 
to be synonyms, three of them having become so through the identi- 
fication of older names thought ten years ago to be indeterminable, 
but since reéstablished on the basis of topotypes. 

A previous revision of this group was made in 1889 by Dr. C. 
Hart Merriam, on the basis of less than two hundred specimens — 


1 Revision of the Pocket Mice of the Genus Perognathus. By Wilfred H. 
Osgood, Assistant Biologist, Biological Survey, U. S. Department of Agriculture. 
Prepared under the direction of Dr. C. Hart Merriam, Chief of Division of Bio- 
logical Survey. orth American Fauna, No. 18, pp. I-72, Pls. I-IV, and 15 text- 
cuts. Issued Sept. 20, I1goo. 
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all of the material then available— when the number of currently 
recognized forms was raised from six to twenty-one. Dr. Merriam’s 
work, however, cleared the way for a better conception of the group, 
rectifying important errors of nomenclature and making known many 
new forms. Mr. Osgood, with fifteen times this amount of material, 
seems to have settled all of the remaining doubts regarding the appli- 
cation of certain early names, and, besides codrdinating the work 
of his predecessors, has immensely extended our knowledge of the 
group. The paper is admirable from every point of view and does 
great credit to its author. (acu 


The Eighteenth Annual Report of the Fishing Board for Scot- 
land. — In this report Thomas Scott gives an interesting local list 
of the fishes of the Firth of Clyde. The determination of species 
seems to be accurate, and the nomenclature is more modern than 
usual in British lists. 

Mr. H. C. Williamson attempts by means of very many measure- 
ments to ascertain whether a racial difference exists between the 
mackerel of the east and west coasts of Scotland. He uses the 
means employed for the distinction of races among men and lately 
used by Heincke for the definition of races of herring. The Mean, 
the Probable Error of the Mean, and the Standard Deviation are 
derived from the formula given in Davenport’s Statistical Methods. 

By these mathematical means the alleged variation in the mack- 
erels of Scotland is elaborately investigated, with negative results, 
the races not being sufficiently marked to require recognition. 

Mr. H. M. Kyle, of St. Andrews, has a suggestive and valuable 
discussion of the origin and mutual relations of the different groups 
of flounders and soles. The arrangement adopted agrees in general 
with that of Jordan and Evermann, which is based largely on earlier 
researches of Dr. Gill. He would differ from Jordan and Evermann 
in reducing somewhat the number of genera, and in separating the 
Paralichthys type as a subfamily distinct from Hippoglossinez. To 
this subfamily, which he calls Hippoglosso-rhombinz, he would add 
the allies of Syacium and Citharichthys. The soles constitute in his 
view three additional subfamilies, Achirine, Soleinz, and Cyno- 
glossinz. The affinities of these groups are obscured by making the 
soles a distinct family, the three subfamilies being separately reduced 
or degenerated groups of flounders. To all this there is no serious 
objection, though Citharichthys and its allies seem to us rather closer 
to the Psettinz (or Rhombinz, as Mr. Kyle prefers to call them, 
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though the name “ Rhombus” is properly used only for another type 
of fish). The allies of Xystreurys are, moreover, really intermediate 
between Paralichthys and the Hippoglossinz. 

Mr. Kyle has added considerably to our knowledge of the olfactory 
structures of the different groups and to our knowledge of the 
shoulder girdle. His discussion of the origin of the different groups 
is pertinent and sagacious. It is to be hoped that Mr. Kyle will 
continue this line of work, and that he may secure specimens and 
skeletons of the numerous genera which he has not yet examined. 
We may note in passing that the genus Mancopsetta is of Gill. 


D. S. J. 


Gill and Smith on American Moringuoid Eels. — A _ singular 
group of eels of low structure, and distinguished among other things 
by the extreme shortness of the tail and the backward location of 
the heart, is the family of Moringuide. It has been supposed to be 
exclusively East Indian, one species ranging northward as far as the 
Liu-Kiu Islands of Japan. 

Dr. Gill and Dr. H. M. Smith record in Science (June 22, p. 973) 
the discovery of a species of Aphthalmichthys, a genus of this group, 
from a coral reef near San Juan, Puerto Rico. Further study of 
this type shows that the very slender whip-like eels of the West 
Indies, constituting the subfamily Stilbiscine, are in fact genuine 
Moringuide. Stilbiscus proves to be identical with Moringua, Gor- 
dichthys must belong to the same group and probably Neoconger 
also, thus giving four genera in America, as compared with the three 
(Moringua, Raitaboura, and Aphthalmichthys) found in the East 
Indies. The family is thus almost as well represented in the West 
Indies as in the East. All the American species are very rare. 
The species from Puerto Rico is to be described as Aphthalmichthy 
caribbeus Gill and Smith. D.S. 1 


Transplanting of California Trout. — Students of trout in Cali- 
fornia have noticed a number of anomalies in the distribution of the 
different forms. The writer has been interested in following these 
out, and now wishes to place on record for the reference of future 
naturalists the facts in regard to them. If the investigation had 
been delayed a few years until the clues were lost, these cases would 
be altogether inexplicable. 

In the tributaries of Feather River, around Prattsville in Plumas 
County, is found the Lake Tahoe trout, Sa/mo henshawi. I learn 
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that these trout were placed in Feather River by Mr. Pratt, for 
whom the town of Prattsville is named. 

In the Blue Lakes of Amador County are also found trout trans- 
ported across the Sierras from tributaries of Lake Tahoe. 

In the streams running down the east slope of Mt. Whitney about 
Lone Pine are found the golden trout of Mt. Whitney, Sa/mo agua- 
bonita. These were transported by local anglers from Volcano 
Creek, the isolated mountain stream above Agua-bonita Falls, in 
which the peculiar form or subspecies has been developed. 

This summer Rev. Edwin Sidney Williams, of Saratoga, Cal., 
transferred twenty young trout, the species not indicated, and a 
dozen chubs from Pelican Bay on Klamath Lake into the famous 
Crater Lake of Oregon, an extraordinary body of water without 
inlet or outlet and, I believe, hitherto without fish life. p, s, ], 


An Error Corrected. — In Jordan and Evermann’s Fishes of North 
America the generic diagnoses of Collettia and Aéthoprora have been 
by some unaccountable accident interchanged. It is Aéthoprora 
which has a luminous gland on the front of the head “like the 
headlight of an engine.” 

In the same family of Myctophide, Veoscopelus macrolepidotus 
Johnson, dredged by the A/ake in the West Indies, was omitted by 
oversight. This genus, with Scopelengys, should apparently form 
a distinct family, Neoscopelidz, distinguished by the broad maxillary 
with supplemental bone. | Deore 


Notes on Recent Fish Literature.—JIn the Proceedings of the 
Academy of Natural Sciences of Philadelphia, Mr. Henry W. Fowler 
gives an account of the fishes from the Caroline Islands presented 
to the Academy by Professor Cope. Forty-five species are enumer- 
ated, the following new: Cypsi/urus quindecimradiatus, Thalassoma 
immanis, Scarus pronus, Scarus lupus. These are illustrated by 
accurate but rather coarsely engraved plates. 

Mr. Fowler gives an account of the typical specimens of Ameiurus 
prosthistius described by Professor Cope from Batsto River, New 
Jersey. This is regarded by Jordan and Evermann as a synonym of 
the Florida species of catfish, Ameturus erebennus. But Mr. Fowler’s 
account leaves little doubt of its specific distinctness. 

I venture to say that other species in this group will prove to be 
valid. Especially is it likely that the short-bodied type, called Amez- 
urus natalis, will prove distinct from the common form which has 
been called Ameiurus lividus. 
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Mr. Fowler redescribes the great catfish of the Florida Everglades, 
which has been named Jctalurus okeechobeensis by Heilprin. He 
regards it as a subspecies of Ameiurus lacustris, but until these 
great catfishes have been fully studied, it seems as well to regard 
this, with Jordan and Evermann, as a distinct species. 


Dr. Einar Lonnberg, in the Annuaire of the Zoological Museum of 
St. Petersburg, gives an account of the discovery by Dr. G. Adlerz 
of the Opah, Lampris una, on the coast of Murman in Russia. This 
great pelagic fish is occasionally taken on almost every coast in the 
world, especially in the northern hemisphere (Nova Scotia, Maine, 
California, Japan, Madeira, etc.). Dr. Lonnberg adopts the earlier 
name, Lampris pelagicus (Scomber pelagicus Gunner, 1768), instead of 
L. luna (1788). But there was already, in 1766, a Scomber pelagicus 
of Linnzeus, supposed to be the same as Coryphena hippurus, and 
the name given by Gunner was preoccupied. 


In the Zransactions of the Connecticut Academy, Vol. X, 1900, Mr. 
Garman describes three fishes from Bailey Bay, Bermuda Islands, 
collected by the Yale expedition of 1898. One of these, Brosmo- 
phycis verrilli, is described as new. This belongs to the section or 
genus Ogilbia of Jordan and Evermann. Godius stigmaturus is also 


recorded from Bailey Bay. The original type was from unknown 
locality, but Jordan and Evermann record the species from Key 
West. 


Dr. Einar Lonnberg writes in the acts of the Swedish Academy of 
the Saibling of ‘ Baren” Island, as collected by J. G. Andersson. 
To this form he gives the name of Sa/mo umbla var. salvelino-insularis. 


In the Bulletin of the U. S. Fish Commission Professor J. P. Gor- 
ham describes the “gas-bubble disease” of fishes in aquaria. He 
finds it due to the expansion of gases from the reduction of pressure 
in removing fishes from deeper waters. 


Under the title of ‘‘ Les Péches du Hokkaido,” the Japanese Fish- 
eries Bureau gives an interesting statistical account of the great 
salmon and herring fishes of the island of Hokkaido (called Yeso 
on our maps, but no longer bearing that name in Japan). 


Dr. Seth E. Meek has published in the records of the Field 
Columbian Museum an account of the species of Eupomotis, 
the group which includes the common brook sunfish. ufomotis 
/ongimanus is recognized as probably a valid species. 
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In a well-printed and finely illustrated volume published by 
Appleton, Eugene McCarthy tells of the familiar fishes of the rivers 
of the United States, their habits and the way to catch them. Mr. 
McCarthy writes best of the phases and places of angling most 
familiar to him, his first interest being in the Ouananiche or land- 
locked salmon of Lake St. John. To this useful book a preface has 
been written by Dr. Jordan. D. S. J. 


North-American Reptiles.— The annual report of the Smith- 
sonian Institution for the year ending June 30, 1898, contains, in 
addition to a report on the present condition of the United States 
National Museum, a monograph on the crocodilians, lizards, and 
snakes of North America, by the late Professor Cope. This 
noteworthy contribution covers some 1120 pages of text, and is 
illustrated by 347 groups of text-figures and by 36 plates. It is pro- 
vided with a separate index. After a brief introduction the groups 
and subgroups of reptiles are defined and their phylogenetic rela- 
tions discussed. This is followed by a series of excellent descrip- 
tions of the species of crocodilians, lizards, and snakes found in 
North America. The account is accompanied by keys for the 
determination of species and by tables illustrating geographical dis- 
tribution. Considerable attention is devoted to the comparative 
anatomy of paits important from a systematic standpoint, and these 
are well illustrated by clear but simple figures which fill most of the 
plates. The account is concluded by a discussion of the geograph- 
ical distribution of reptiles, particularly in their relation to the North- 
American fauna. 

This work, in connection with the forthcoming volume by the late 
Dr. Baur on turtles, and Cope’s former monograph on the Batrachia 
of North America, will place North-American herpetology next to 
our ornithology in compactness and completeness of its systematic 
treatment. P. 


Porcupine Quills. — The arrangement of the quills and woolly 
hairs on the eastern porcupine (Zrethizon dorsatus) has been care- 
fully described by Loweg.*’ In’ an embryo 18 cm. long the integu- 
ment of the dorsal and lateral aspects of the body was covered 
with short transverse rows of developing quills. Each row was com- 
posed of some nine quills, the middle ones being longer than those 


1 Loweg, T. Studien iiber das Integument des Erethizon dorsatus, Jena. 
Zeitschr. f. Naturwiss., Bd. xxxiv (1900), pp. 833-866, Taf. XX VII, XXVIII. 
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near the ends of the row. The rows were so placed on the surface 
of the body as to form bands transverse to the animal’s chief axis. 
In any given band the rows constituting it alternate with those of 
the two adjacent bands. The rows of quills break the integu- 
ment up into plate-like areas, which the author interprets, in accord- 
ance with the conclusions of Weber and of others, as the remains of 
scutes with which the ancestors of mammals are supposed to have 
been covered. Judging from the condition of the integument in 
the porcupine, these scutes were large and well developed dorsally 
and small and poorly formed ventrally. In the porcupine the woolly 
hair makes its appearance much later than the quills, and may be 
formed on the scute areas. Phylogenetically the quills represent 
the primitive hairs, and these are distributed in conformity to the 
primitive scute covering. The woolly hairs, on the other hand, 
are a much later acquisition, and are distributed without respect to 
the places once occupied by scutes. As the skin of the porcupine 
contains no sweat glands, the animal will probably be found to have 
a summer and a winter pelage as an adaptation to temperature 
changes. P. 


Human Physiology. — The last addition to the series of Temple 


Primers is entitled Zhe Human Frame and the Laws of Health} and 
is a translation by F. W. Keeble from the German of Rebmann and 
Seiler. The first ninety-five pages are devoted to the more salient 
facts of human anatomy and physiology, and the remaining fifty to 
hygiene. The presentation is remarkable for its clearness and its 
general freedom from misstatements such as so frequently mar texts 
intended to be popular. Here and there slight slips are to be 
noticed: thus, on page 24 we are told that without the influence 
of the nerve the muscle cannot contract, and on page 30, in the 
description of the brain, we are informed that the third ventricle 
gives off three clefts, lateral ventricles, on either side. Further, on 
page 139, the distinction between smell and taste is inadequately 
made out, and the subject is left in the confused state in which it 
exists in the popular mind. Occasionally inapt expressions are met 
with, as when (p. 31) the cerebral hemispheres are said to be marked 
out into two unegual halves and (p. 99) ozone is described as a con- 
densed form of oxygen. Even such small defects as these, however, 

1 Rebmann and Seiler. Zhe Human Frame and the Laws of Health. Trans- 


lated from the German by F. W. Keeble. 148 pp. The Temple Primers. 
London, Dent & Co. 
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are comparatively rare, for the book as a whole is a remarkably 
trustworthy condensation of the chief facts of human physiology and 
hygiene. 


As to ** Social Ascidians.’’ — In a recent brief paper M. Maurice 
Caullery ' adds one more to the numerous instances brought to light 
in recent years tending to obliterate the distinction between social 
and compound ascidians. The case now reported is likely to be 
noticed more than the others have been, in that it relates to the 
genus Clavelina, which is one of the ascidians most familiar to the 
general zoologist, and is usually given in text-books as a type of 
the social ascidians. 

In this genus the ascidiozodids, it will be recalled, bud from a 
stolon, but remain entirely distinct from one another, excepting for 
their connection with the common stolon. In the species here 
described (there are two of them) the ascidiozoodids differ struc- 
turally in no way from a typical Clavelina ; but, instead of being 
connected to the common stolon only, they are fully imbedded in a 
common testicular mass also. 

It is obviously necessary, Caullery says, to establish a new genus 
for these species ; and the name proposed is Synclavella. 

Had the author’s acquaintance with the literature of this subject 
included the case of Ferophora annectens described by me seven 
years ago, he would not, perhaps, have been so sure about the 
necessity of a new genus for his species. In this one species I 
showed (Proc. Calif. Acad. Sci., Series 2, Vol. IV, p. 37) that “in 
very many, though not all, of the colonies the ascidiozodids are as 
completely imbedded in a common test as they are in Botryllus or 
Goodsiria.” 

This species is exceedingly abundant at various points on the 
California coast, and one may frequently observe transitional states 
between social and compound on the same rock, and apparently in 
the same colony. I may now add that, after having studied them 
for a number of years, I have about reached the conclusion that the 
social condition is the usual one; and that the compound con- 
dition occurs only occasionally, even in the same locality. At 
Pacific Grove, for example, where the most perfect instances of the 
compound phase have been found, I have, on several visits, failed 
to find any at all of this kind. It is an interesting fact, also, that 


1 Sur des Clavelines nouvelles (Synclavella .g.), constituant des cormus 
d’Ascidies composées, Comptes Rendus, No. 21, May 21, 1900, p. 1418. 
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sometimes, at any rate, the ascidiozoodids of these fully compound 
colonies are noticeably smaller than those of the social forms. 

The specimens studied by Caullery were collected by Lesson in 
1825, locality not given; and by Quoy et Gaimard in 1829 on the 
coast of Australia. Wm. E. Rirrer. 


Parthenogenesis of the Honeybee. — Weismann! publishes an 
interesting preliminary account of studies on the parthenogenesis of 
bees, which have been carried on in his laboratory for the past three 
years. The conclusions of Dzierzon, confirmed by von Siebold and 
Leuckart, that fertilized eggs always produce workers (or queens), 
and unfertilized, drones (or males), having been in recent years called 
in question by practical bee culturists, Weismann deemed it impera- 
tive to have the question reinvestigated, especially in view of its 
great theoretical importance. He accordingly induced one of his 
students, Dr. Paulcke, to undertake the problem, and the studies thus 
begun are now being completed by Dr. Petrunkewitsch, another of 
Weismann’s students. 

One of the most energetic of the recent opponents of Dzierzon’s 
conclusions has been the editor of the Wérdlinger Bienenzeitung, F. 
Dickel of Darmstadt. His experiments seemed to prove that nor- 
mally a// eggs are fertilized. Eggs which had been laid in drone 
cells were transferred to worker cells, with the result that they devel- 
oped into workers, and vice versa. Dickel argued, further, that the 
evidence of von Siebold and Leuckart, based on the microscopic 
examination of the eggs, could not be regarded as definitive, now 
that we know more precisely the phenomena accompanying fertiliza- 
tion. These observers had not examined eggs immediately after they 
were laid, but only after the lapse of from one to twelve hours. But 
it is now known that spermatozoa lose their thread-like form within 
a few hours after the eggs are laid, and are succeeded by the sperm 
nucleus and sperm aster; in fact, it has been recently asserted that 
this metamorphosis takes place in bees’ eggs within fifteen or twenty 
minutes after the entrance of the spermatozo6n into the egg. 

Nevertheless, there is no ground to doubt, says Weismann, that 
von Siebold saw seminal filaments (even two to four in a single egg), 
for Blochmann, making use of the sectioning method, has seen the 
same, and Petrunkewitsch now confirms the observation ; but these 
could have been seen only in von Siebold’s freshest eggs, all of which 


1 Weismann, A. Ueber die Parthenogenese der Bienen, Anat. Anzeiger, Bd. 
xviii, Heft 20-21, pp. 492-499, December 5, 1900. 
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were, however, from worker cel/s. The twenty-seven drone eggs which 
he examined were all “‘about twelve hours old,” so that his failure 
to find in them sperm filaments is in no way proof that fertilization 
had not taken place. 

The most of the material for the investigations in Weismann’s 
laboratory was furnished by F. Dickel, who took the eggs from the 
hives, put them at once into the preservative fluid and sent them to 
Weismann. The main results are as follows: Whether the egg is 
fertilized or not can be determined with certainty only when it is 
killed in the stage of the second maturation spindle. Before that, in 
the stage of the frs¢ maturation spindle, either the sperm nucleus 
is without radiations, or the sperm filament has not yet been meta- 
morphosed into a sperm nucleus. In either case it is a matter of 
chance, depending on location and physical condition whether the 
sperm cell can be recognized with certainty. In the second-spindle 
stage, on the contrary, the formation of a sperm aster is completed 
and the structure can neither be overlooked nor misinterpreted. 
Petrunkewitsch sectioned 123 eggs that were in the first-spindle 
stage. Twenty-nine of these were from worker cells; in twenty-three 
cases (79%) the sperm nucleus with radiations was present. On 
the other hand, not a single sperm aster was found in any of the 
ninety-four eggs from drone cells. The condition of eggs in the second- 
spindle stage was still more striking. very one of the sixty-two 
eggs from worker cells showed the sperm aster ; whereas of the 272 
eggs from drone cells ov/y one contained a sperm aster. It is explained 
by Weismann that in this one case the queen probably made a mis- 
take and deposited a fertilized egg in the wrong (drone) cell, a phe- 
nomenon which bee-keepers have long recognized as occasionally 
taking place. 

Weismann believes, therefore, that Dzierzon’s views are fully con- 
firmed, — that normally eggs laid in drone cells are not fertilized and 
that those laid in worker cells are always fertilized. 

Dickel’s observation, that as soon as the queen has laid an egg, 
workers enter the cell and busy themselves with the egg, probably 
licking it and coating it with saliva, does not warrant his conclusion 
that the sex is determined thereby. What the significance of that 
act may be is not known. That it is of importance seems to follow 
from the results of some of Dickel’s experiments. He isolated a 
comb containing freshly deposited eggs by removing the workers 
from it and then enclosing it in fine gauze, without, however, remov- 
ing the comb from the hive. All such eggs perished sooner or later, 
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frequently in late embryonic stages. It may be that here, and in 
other insects whose eggs have a thin chorion, there is need that the 
egg be coated with saliva to prevent its drying up. Whatever the 
influence of the secretions of the three pairs of salivary glands, sex 
in bees is determined by the existence or absence of fertilization. 
Other conditions within the sex — whether, for example, worker or 
queen shall result — may be determined (as they apparently also are 
in termites, according to Grassi’s observations) by the quantity and 
quality of the food, including the salivary secretions. How it is that 
fertilization determines sex is not known, but that it does can no 
longer be denied. 

Dickel has insisted that there is a difference between drones pro- 
duced by fertile workers and those produced by queens, and he 
believes that the former are infertile. Weismann says he knows of 
no proof of this, but admits that the studies of Petrunkewitsch show 
that there is a slight, though constant, difference in the early phe- 
nomena of development between unfertilized eggs from queens and 
those from workers, and that this may possibly be of importance. 
Further study on this point is required. A difference between queen- 
drones and worker-drones is a friori in no way improbable; indeed, 
there is a wasp in which two kinds of drones are known to exist, 
though it is not known whether these have the same or a different 
parentage. 

Artificial Parthenogenesis. — Following the lead of Morgan and 
Loeb, who have shown that certain salts can induce the development 
more or less complete of unfertilized eggs of the sea-urchin, Pieri! 
and Winkler? have, independently of each other, tried to induce 
development of the unfertilized echinoderm egg by means of sperm 
extract. Their efforts have been at least partially successful, though 
the observations made are less extensive than might be desired. 

Pieri took fresh, sound sperm of Strongylocentrotus lividus, or of 
Echinus esculentus, and shook up the same either in sea water or in 
distilled water. The fluid was then filtered and examined under the 
microscope. It was found to contain still a certain number of sperma- 
tozoa, but these were motionless, rounded, tailless, and, so far as 
direct observation could show, dead. Unfertilized eggs of the species 
from which the sperm was obtained were then placed in some of this 

1 Pieri, J. B. (99), ZxP. (3), 7, Notes et revues, Arch. de Zool., p. xxix. 


2 Winkler, H. (1900). Nachrichten v. d. k. Gesellsch. d. Wiss. Géttingen, 
Math -phys. Klasse, p. 187. 
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fluid on a glass slide, and watched under the microscope. A certain 
number of the eggs developed (without fertilization) up to the morula 
stage. The fluid was found to be effective in causing the develop- 
ment of unfertilized eggs, even when ten hours old. Control lots 
of eggs placed in sea water or in distilled water did not develop at 
all. The sperm extract made in sea water worked better than that 
made in distilled water, which is not at all surprising considering the 
known injurious effects of fresh water on marine organisms and their 
sexual products. 

Pieri admits that his experiments would be more convincing if a 
centrifugal machine and a porcelain filter had been employed in mak- 
ing the extract. He believes, however, the fact to be established that 
an extract of spermatozoa contains a chemical substance capable of 
causing the development of unfertilized eggs of the species producing 
the sperm. This substance he believes to be a soluble ferment, 
ovulase (Dubois, 1900, Mémoires Soc. Biol. Paris, 52, p. 197). No 
evidence is offered in support of this view. 

Winkler’s experiments and results are similar, though slightly dif- 
ferent methods were employed by him to obtain the extract, and 
greater precautions were taken to exclude from it living spermatozoa. 
Sperm of Spherechinus granularis or Arbacia pustulata was put into 
distilled water, shaken frequently during half an hour, and the fluid 
then filtered five or six times through three thicknesses of filter paper. 
The fluid was then brought up to the density of sea water by adding 
to it salt obtained by evaporation of sea water. 

Sperm extract was also prepared by putting sperm into concen- 
trated sea water (400 c.c. evaporated to 100 c.c.). In this sperma- 
tozoa shrunk at once, but were allowed to stand for half an hour, 
being frequently shaken. The extract was filtered as already 
described and then diluted to the concentration of normal sea 
water. 

In the extract obtained by either method a certain number of 
unfertilized eggs underwent cleavage, though the process was not of 
the normal sort, and it did not progress beyond the 4-cell stage. 
Stained eggs showed that genuine mitoses occurred. Control lots 
which were put into sea water, instead of sperm extracts of the same 
density, did not develop in any instance. 

Only negative results were obtained by heating sperm to 50°-60° C. 
in sea water and placing eggs in the cooled fluid. Winkler expresses 
no opinion as to the chemical nature of the extract substance which 
causes the development of unfertilized eggs, but thinks the idea of 
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Pieri and Dubois that it belongs to the enzymes lacking in support 
as yet. 

The observations which have just been briefly summarized add to 
the accumulating evidence that fertilization may be essentially a 
process of stimulation of theegg. This, of course, is true only if one 
leaves out of account the contribution of hereditary tendencies made 
by the spermatozoén, which add to the variability of the offspring. 
The egg, however, apparently contains everything necessary for the 
production of a new and complete organism like the mother, and 
needs only appropriate stimulation to start it on its course of develop- 
ment (see Koulagine, 1898, Zo0/. Anz., 21, p. 653 ; also Delage, 1g00, 
Archives de Zool., Exp. (3), 7, P- 525). In this direction point also 
the observations of Tichomirov, who showed that the unfertilized 
eggs of Bombyx mori can be made to develop, at least to an advanced 
embryonic stage, either by dipping them in sulphuric acid or by brush- 
ing them; likewise the observations of Dewitz, who obtained cleavage 
of unfertilized frog’s eggs by treating them with corrosive sublimate ; 
likewise the observations of Hertwig, who observed a similar result 
following the treatment of sea-urchin eggs with strychnine ; further, 
those of Koulagine (already cited), who has induced cleavage of 
certain fish and amphibian eggs by treating them with the antitoxin 
of diphtheria ; and those of Klebs, who found that parthenospores 
are formed in conjugating filaments of Spirogyra, in the presence of 
salt or sugar solutions of appropriate density. Still more emphatically 
is this indicated by the recent work, already mentioned, of Morgan, 
and especially of Loeb. W.E.C. 


PETROGRAPHY. 


Graphic Representation of Rock Composition and Schemes of 
Rock Classification. — The recent great increase in our knowledge 
of rocks and the complexity of their chemical relationships is responsi- 
ble for the attempts now being made to indicate by graphic methods 
these relations and incidentally to classify rock magmas on some 
chemical basis. The differential hypothesis was intended to explain 
the cause of the chemical relations existing between rock masses. 
It cannot serve, or at any rate it has not served, as a basis for rock 
classification. Rocks as objects of study are but portions of differ- 
entiated masses. A rock classification must deal with these portions, 
and it must necessarily deal with well-characterized portions or 
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types. The difficulty in all classification schemes has been to select 
such types as will express the essential differences between nearly 
related rock masses and at the same time to show the relationships 
existing between them. The graphic method of representing rock 
analyses by diagrams serves to emphasize the characteristic chemical 
features of the different specimens analyzed, and to enable the student 
to recognize readily their differences and similarities. From these 
diagrams a composite diagram may be constructed, and this repre- 
sents a chemical type. The chemical relationship of various types 
is easily read from their diagrams; and classification of the dia- 
grams is a classification of rocks according to chemical composition. 
The first complete diagrammatic representation of rock composition 
was suggested by Brégger.! His diagrams are polygons drawn from 
the ends of radius vectors whose lengths correspond to the propor- 
tions of the constituents in the rock represented in the diagram. 
The shapes of the polygons show at a glance the relative importance 
of the principal components. They are extremely characteristic of 
the different rock types, and thus may be used to exhibit chemical 
relationships. 

Hobbs? makes a few unessential modifications in the Brogger 
diagrams and combines them to ‘form composite diagrams or dia- 
grams of rock types. This he does, however, not by actually com- 
bining the individual polygons, but by averaging the analyses of the 
rocks which are assumed to belong with the type in question. So far 
as rock classification is concerned this method is not of great value, 
since it does not exhibit the differences in composition between the 
constituent members of the composite and the type produced by them. 
It affords a very convenient method of exhibiting the peculiar chemical 
characters of rock families and a concise method of showing their 
chemical relationships with one another, but the personal element 
enters so largely into the selection of the rocks that comprise the 
groups represented in the diagrams that these are not of great use 
in other respects. If the analyses represented in the diagrams could 
be averaged in such a way as would take into account the abundance 
of the various rocks, the composites would possess a high scientific 
interest. The idea proposed by the author is, however, an excellent 
one, especially for comparative purposes. It is bound to be received 
with favor. 

Harker*® suggests a method of using diagrams of rock series 


1 Das Gangafolgs des Laurdalits, p. 255. Kristiania, 1898. 
2 Journ. of Geol., vol. viii (1900), p. 1. * Journ. of Geol., vol. viii (1900), p. 389. 
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with a view to determining the mode of origin of certain rock masses. 
He lays off on a system of rectangular coordinates the proportions of 
the chemical constituents present in the known members of a series 
of rocks derived by the differentiation of the same magma, and draws 
lines through the corresponding points in the figure. Then by inter- 
polation the composition of intermediate members of the series may 
be determined by inspection. When the lines passing through the 
points representing the proportions of the constituents present in 
the various rocks are straight lines, the series concerned is a “ linear 
series,” that is, the rates of change in the constituents are constant 
and their proportion is determined by the percentage of SiO, present. 
This is a “rock series” in Brogger’s sense. Such a rock series, 
however, Harker thinks nonexistent. The normal diagram of a 
“rock series” consists of curved lines, some of which are concave 
and others convex. Sometimes when a rock’s analysis is plotted the 
discovery is made that it does not fit into the diagram of the series. 
Such abnormal rocks may have been formed by the admixture of two 
magmas, or by the solution of foreign rock fragments in a normal 
magma. In either case the resulting mixture possesses a peculiar 
composition, the plotting of which does not fit into the diagram. 
For instance, the lavas of the Lassens Peak district, comprising 
basalts, andesites, dacites, and rhyolites, form a reck series the com- 
position of which may be represented by a well-defined diagram. The 
quartz-basalts, however, refuse to adapt themselves to the scheme. 
Their abnormal composition is clearly brought out by the plotting. 
In their content of lime and potash they do not differ notably from 
normal rocks of the same silica percentage, but they show a 
marked deficiency in alumina and ferric oxide and to a less degree 
in soda. Magnesia and ferrous oxide are in excess. 

The plotting of analyses in the manner indicated by the author, 
and the interpretation of the diagrams thus made in the way out- 
lined above, form a ready means of detecting rocks of abnormal 
composition in a set of normal rocks from the same petrographic 
province. The diagrams thus may be made a means of aiding 
rock classification, since they enable one to exclude from dis- 
cussion those rock species which can have no part in any series of 
related rocks, and which if discussed together with normal rocks 
would give rise to difficulties hard to overcome in any scheme of 
classification. The author declares that a natural classification 
“must be based, confessedly or implicitly, upon fundamental genetic 
considerations, and primarily upon the mode of operation of the 
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processes of differentiation in rock magmas. Rocks resulting from 
admixture must therefore be excluded from the main scheme and 
be relegated to an appendix. Any discussion which tends to the 
recognition of this principle and to the establishment of some crite- 
rion of distinction will forward the object by disembarrassing the 
problem of a disturbing element.” 

The most recent and most complete discussion of the chemical 
elements of rocks is by Osann,' who proposes a formula for each rock 
which shall represent approximately its chemical composition and at 
the same time be capable of easy plotting. He also proposes a 
method of plotting by which the composition of a rock is indicated 
by the position of a dot in a triangular diagram. The dot in its 
relation to the bounding lines of the triangle exhibits at once the 
relative proportion of the important constituents in the rock mass. 
A single dot thus represents an entire rock. By plotting a large 
number of rocks on the same diagram their chemical relationships are 
easily and conveniently studied. The plotting at once exhibits a 
grouping of closely related rocks and differentiates those whose mineral 
composition may be similar but whose chemical composition is 
different. The personal element has no place in the system of 
plotting. The types are determined solely by the grouping of the 
dots which express by their position the composition of individ- 
ual specimens. In the constructure of his rock formulas Osann 
transforms the percentage analyses into molecular proportions and 
recalculates to the sum of roo. The mean of two analyses of the 
norite ? of Montrose Point on the Hudson River thus treated becomes 


20; FeO MnO MgO CaO K,0 
59-50 7-38 8.14 8.65 4.23 1.39 


The percentage of SiO, (including ZrO, and TiO.) in the recalcu- 
lated analyses is represented by S with the corresponding exponent. 
By 4 is represented the alkalies in the molecular group (NaK), 
Al,O,. In the above instance d=5.62. The lime is considered 
as in the group CaAl,O, and is represented by C. But CaO may 
be present in another molecular group, whereas the Al,O; occurs only 
in groups 4 and C. Hence C= 10.35 (molecular percentage of Al.O; 
in analyses) minus 5.62 (the proportion of Al,O, in group 4) = 4.73. 
The remaining oxides are regarded as being present in the group 
(Fe, Mn, Mg, Sr, Ba, Ca)O, and this is represented by /, which 


1 Tscher. Min. u. Petrog. Mitth., Bd. xix, p. 351. 
2 Amer. Jour. Sci., vol. xxxiii (1887), p. 193. 
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measures the dark components of the rock mass. In the norite 
F= 19.78, viz., FeO= 7.38 + MnO=.36+ MgO=8.15, and the 
remainder of CaO left after subtracting 4.73 CaO (the amount 
necessary to combine with the 4.73% of Al,O, in group C) from 
8.65 CaO, the amount shown in the analysis. The relation of the 
alkalies to one another is indicated by the letter 7, which is given a 
value corresponding to the proportion the Na,O bears in the analysis 
to the total alkalies calculated to the unit ro. In the above analysis 
the Na,O is to K,O as 4.23 is to 1.39, or as 7.5 is to 2.5. # thus 
is 7.5. The formula of the rock is 
S = 59.50, A= 5.62; €=474, F'= 19.78, 7.8. 

In the plotting the absolute values of 4, C, and ¥ are not used, 
but instead their proportions are calculated to a total of 20 units, 
and these ratios are made use of. The values 5.62, 4.74, and 19.78 
are aS 4: 3: 13 in the scale of 20, and the simplified formula is 
$59+5) C3) This formula not only expresses the approximate 
chemical composition of the rock for which it is calculated, but it 
expresses also roughly the proportions of alkaline feldspars, lime 
feldspars, and dark components present in it, and from the formula 
may be calculated the analysis. The ratios a: ¢c: f are represented 
in a triangular projection by a dot, the position of which discloses at 
a glance the chemical character of the rock it represents. Rocks 
of similar composition are represented by groups of dots in certain 
portions of the triangle, and these groups are observed to fall natu- 
rally into subgroups. The discussion of these features is reserved by 
the author until after he has plotted the effusive rocks. The present 
paper deals exclusively with rocks possessing the granitic texture. Of 
these the author has investigated over 200. He has recalculated the 
proportions of each of the analyses and has plotted them in a series 
of projections. A final projection contains all the types and thus 
serves as a summary of the work. Among the rock analyses studied, 
40 are of granites, 36 of syenites, 37 of diorites, 28 of eleolite-sye- 
nite, 27 of gabbros, 23 of essexites and theralites, 4 of iolites and 
other rare basic rocks, and 11 of peridotites. 


Moses and Parsons,' Elements of Mineralogy, Crystallography, 
and Blowpipe Analysis, etc.— The new edition of Moses and 
Parsons’s Elements of Mineralogy covers concisely the greater part 
of the field of mineralogy. As its title indicates, it not only treats 


1 Moses, A. J., and Parsons, C. L. Elements of Mineralogy, Crystallography, 
and Blowpipe Analysis, from a practical standpoint, including a description of all 
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of the descriptive portion of the science, but it is also a very brief 
but quite satisfactory treatise on blowpipe analysis. It contains 
also a discussion of crystallography and a summary of the principles 
of physical mineralogy. That the authors have attempted to cover 
too much ground in the volume might be judged from this summary 
of its contents. Everything discussed, however, is so concisely 
put that the parts of the book are fairly well proportioned. The 
chapters on the optical, thermal, and electrical properties of minerals 
are so brief that they possess little value. But since these proper- 
ties are those of least importance to a class of students beginning 
the study of the science, perhaps this fault is not of practical 
moment. 

In the opinion of the writer the discussions are throughout the 
book so compactly condensed that it cannot be used successfully as 
a text-book. There are too many points in it that need amplifica- 
tion. As an accompaniment to a course of lectures on mineralogy, 
however, it seems to be very well suited. Indeed, it is an excellent 
book for use in this way. The volume is not as large as Dana’s 
Text-Book of Mineralogy, and therefore is better suited to courses 
extending through half a year; and yet, at the same time, it is not 
as small in size nor as elementary in the treatment of its subject- 
matter as are most of the ZAvementary Mineralogies on the market, 
most of which are entirely without value for class-room purposes. 

The changes noted in the new edition as compared with the old 
one are: the treatment of crystallography according to the newly 
accepted classification of crystal forms, the addition of about one 
hundred figures illustrating the combination of forms observed on 
definite mineral species, the revision of the chapters relating to blow- 
pipe analysis, the addition of a description of the spectroscope and 
its use, the complete revision of the paragraphs dealing with the 
economic uses of the different minerals and the simplification of the 
part devoted to determinative mineralogy. 

The book is well printed on good paper. The figures illustrating 
crystals are for the most part beautifully clear, but most of the wood- 
cuts supposed to represent the appearance of minerals as they actu- 
ally occur in nature are poor. They might well be omitted without 
affecting the value of the book a mite. W.S.B. 


common or useful minerals, the tests necessary for their identification, the recog- 
nition and measurement of their crystals, and a concise statement of their uses in 
the arts. New enlarged edition. New York, D. van Nostrand Company, 1900. 
413 pp., 664 figs. 
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Kemp’s Handbook of Rocks, for use without the Microscope, 
Second Edition. — The publication of a new edition of the Hand- 
book of Rocks so soon after the appearance of the first edition is a 
guarantee that the author has furnished a book that has given satis- 
faction to its users. It is the only treatise in English that aims to 
give the student an accurate and scientific knowledge of rock-masses 
without requiring him to master the technique of microscopical 
analysis. The new edition differs from the earlier edition principally 
in the glossary, which has been extended to include the new terms 
proposed by petrographers in the discussions of the past four years. 
The volume is of handy size and is beautifully printed on excellent 


paper. 


Hovelacque’s Photographs of Sedimentary Rocks.* — This album 
consists of sixty-nine plates, presenting microphotographs of thin 
sections of alpine limestones. These photographs were made in the 
course of a full investigation of the so-called ‘“Calcaires du Brian- 
connais,” in the French Alps, by Messrs. Killian and Hovelacque, 
who hoped by means of microscopic study to be able to determine 
more accurately the various horizons of the series in the absence of 
available fossils. The work was interrupted by the untimely death 
of Mr. Hovelacque, and this album is a preliminary report present- 
ing his uncompleted work. 

The plates represent a great variety of limestone structures, as 
well as many types of the minute organisms which compose, in large 
part, many of the limestones. Full explanations make each plate 
intelligible, and together they make a valuable: addition to our knowl- 
edge of the microscopic petrography of the sedimentary rocks whose 
value will, however, be much enhanced when the fuller report, which 
is promised by M. Killian, makes its appearance. 


1 Kemp, J. F. A Handbook of Rocks, for use without the Microscope. Witha 
glossary of the names of rocks and of other lithological terms. Second edition, 
revised. New York, D. van Nostrand Company, 1900. 185 pp. 

Killian, W. Album de Microphotographies de Roches Sédimentaires faites par 
Maurice Hovelacque. Paris, Gauthier-Villars, 1900. 14 pp., quarto, 69 plates. 


a 
| 
| 
| | 
| 
| 
| 
| 
| | 


PUBLICATIONS RECEIVED. 


(Regular exchanges are not included.) 


DENNERT, E. Plant Life and Structure. Translated from the German by 
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